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THYROID DISEASE 

AN EXPERIMENTAL STUDY 

WARREN B COOKSEY, MD 

AND 

M S ROSENBLATT, MD 

DETROIT 

The pathogenesis, classification and tieatment of the diseases of the 
tlnroid gland continue to be subjects of considerable controversy 
Although the etiologic relationship of the thyioid gland to exophthalmic 
goitei was at one time considered definitely proved, a small group of 
dissenteis hate maintained that the thjioid gland cannot be considered 
more than a single link in the chain of a complicated disease 

Hooter , 1 foi example, said 

Men write terv freelv about the excessne flow of internal secretions from 
a htperplastic thyroid into the circulation, but this is certainly not true of 
mtxedema and it lias neter been proved to be true in Grave’s disease In 
fact, no one has thus far offered anything but inferential or fancied evidence 
for luperthtroidism, and that has been so feeble that it will not stand critical 
inspection 

Israel Brain 2 went e\en fuither, and said 

The question nnohed is not that of a “lump on the neck” We must firmly 
understand that a subject of Grave’s disease is no more a victim of goiter than 
is a sufferer with typhoid fever one of splenomegaly 

Hyman and Kessel 3 said 

In our opinion, exophthalmic goitre is a complicated disease, based on a 
disturbance in the nnoluntan ner\ous sjstem, activated by some sympathomi- 
metic factors, of which infection and psychic trauma are examples, and super- 
activated, if jou will, so that there is produced a metabolic upset whose origin 
is obscure — which may be thvrogenic, but which probably is not 

Sohs-Cohen 1 said 

The neurogenic theory of the origin of exophthalmic goiter is the older one, 
displaced largely through Kochcr’s work Some observers, however, of whom 

* From the Buhl Laboratory and the Surgical Service of the Harper Hospital 

1 Hoover, C F Does Hyperplasia Offer any Evidence for the Thyro- 
genesis of Graves’ Disease ? Am J M Sc 173 11 (Jan ) 1927 

2 Brain, Israel The Prevention of Exophthalmic Goiter, Endocrinology 
7 415 (May) 1923 

3 I-Iyman, FI T , and Kessel, L Exophthalmic Goiter and Involuntary 
Nervous System, J A M A 85 1017 (Oct 3) 1925 

4 Solis, Cohen, S In discussion of Hyman and Kessel (footnote 3) 
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I am one, have held to it throughout We look on the goiter and the symptoms 
of dysthyroidism as incidents and epiphenomena They may or may not be 
present 

The point of view adheied to by many of the clinicians who do not 
favoi the thyrogenesis of exophthalmic goiter is that one is dealing with a 
group of patients who by heieditaiy and acquired piedisposition become 
susceptible to an exciting cause capable of setting up an impioper balance 
of the autonomic and endocrine systems 

On the othei hand, the advocates of the thyi ogenesis of exophthalmic 
goitei aie numerous Most suigeons feel that the 1 emo\ al of the thy- 
loid gland is indicated in exophthalmic goitei and in most cases aie 
able to hold out gieat hopes foi a complete cuie Richter, 5 6 for 
example, leported 100 cases in which the patients weie operated on foi 
“thyiotoxicosis” and claims that 99 of the patients weie leheved of 
hypei thyi oidism after opeiation He says “Aside fiom all question 
of the exciting cause, the immediate source of the clinical synch ome 
called exophthalmic goiter lies entnely within the thyroid gland Its 
removal is incompatible with the continued existence of the disease in 
its vanous forms " 

Crile G said 

In hyperthyroidism, the thyroid gland is the druggist, an extraordinary 
druggist, a tireless druggist, who da} and night is manufacturing and turning 
into the circulation the exciting hormone” He further sa\s 7 ‘‘Taking into 
account the slight primary risk and the promising immediate and remote results 
of operation, we now consider in the case of hyperthyroidism as m that of 
appendicitis that the indication for operation is diagnosis ” 

In these introductory lemaiks, we have used the teim exophthalmic 
goiter because we feel that the synch ome of exophthalmic goiter gnes a 
clearer picture to most clinicians than any othei teim ye might have 
selected However, obviously the question of hyperthyroidism is not 
solely concerned with the synch ome of exophthalmic goitei Hyper- 
secretion of the thyi oid gland is just as much a question in those cases 
of so-called “thyiotoxicosis” m which the syndiome of exophthalmic 
goitei is not pi esent oi is incompletely pi esent It is our opinion that it 
is impossible to distinguish any lehable pathologic differences in the 
■various types of so-called hypei thyi oidism, no mattci what the mode 
of onset or the piesenting clinical pictiue 

5 Richter, H M Tin roidectomy , Its Relation to the Cure of Thyrotoxi- 
cosis, J A M A 88 888 (March 19) 1927 

6 Crile, G W Certain Problems m the Treatment of Diseases of the 
Thyroid Gland, J A M A 83 813 (Sept 13) 1924 

7 Crile, G W Surgical Treatment of Hyperthyroidism, South M J 16 
459 (June) 1923 
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In ie\\ of the conflicting opinions presented, it w r as our desire at the 
onset of this lm estigation to attempt to obtain more conclusne proof or 
disproof regarding the question of altered or excessne th>roid secretion 
in exophthalmic goiter and allied diseases In the past, numerous 
attempts ha\e been made to settle this question, and m reviewing the 
literature we found rather conflicting data Hara 8 reported that the 
blood in cases of exophthalmic goiter exerted an effect like tlwroxin in 
increasing metabolism On the other hand, Wilson and Kendall 9 found 
that the tin roid gland in cases of toxic goiter contained but one-fifteenth 
to one-twentieth as much th}roxin as found m patients with normal 
glands Hunt 10 reported that the acetonitril test for th) roid secretion 
was posithe in the blood from patients suffering wnth exophthalmic 
goiter, whereas m blood from normal patients the test w r as not positive 
From the experimental data derived from the \anous commercial 
sources using desiccated tin roid preparations or tin roid extracts, it has 
become clear that animal tin roid preparations van' in potency, and that 
the \anation is proportional to the iodme_content of the glands But 
the th\roid gland in exophthalmic goiter has a noticeably low 
iodine content John , 11 Wells , 8 Weir 12 Oswald 1 " found that the 
plnsiologic actmty of tin roglobuhn obtained from goiters was the same 
as that obtained from patients with normal glands, except that it w r as 
weaker in direct proportion to the amount of iodine it contained, being 
free from effect in the total absence of iodine 

Feeding experiments in which goitrous glands from human beings 
were used seem surprisingly rare Lenhart x ’ fed tin roid glands from 
people to tadpoles including glands affected by simple and exophthalmic 
goiters and he stated that they all acted alike qualitatneh Abderhalden 
and Sclnftman ir ’ aFo conducted feeding experiments, and they too, con- 

8 Hara, in Wells H G Chemical Patholog}, Philadelphia, W B Saunders 
Compam, 1925, p 696 

9 Wil«on and Kendall The Relationship of the Pathological Histology and 
the Iodin Compounds of the Human Tin roid, Am J M Sc 151 79, 1916 

10 Hunt Reid Acetonitril Test for Tin roid and of some Alterations of 
Metabolism, Am J Plnsiol 63 257, 1923 

11 John, in Wells, H G Chemical Pathology, Philadelphia, W B Saunders 
Compam, 1920, p 604 

12 Weir, J F Tinroxin and Tnptophane Content of the Diseased Tin roid 
Gland, Am J M Sc 169 . 860 , 1925 * 

13 Oswald Ueber die Wirkung der Schilddruse auf den Blutkreislauf, Arch 
f d ges Plnsiol 164 506, 1916 

14 Lenhart, C H The Influence on Tadpoles of Feeding Desiccated Th> roid 
Gland, J E'"pcr Med 22 739, 1915 

15 Abderhalden and Schiffman Studien ueber die eon einzelnen Organen 
henorgebrachten substanzen mit spezifescher Wirkung, Arch f d ges Phjsiol 
195 167, 1922 
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eluded that the physiologic activity of preparations from goitious glands 
was the same as that from noimal glands, and that it varied directly with 
the iodine content These experiments have not seemed entuely conclu- 
sive to us, however, and in view of the fact that one of us (W B C ), 10 
had previously conducted thyroid feeding expenments for another pur- 
pose, we decided to lepeat this work on a moie compi ehensive scale 

The basis of the expei imentation is derived from the pioneer work of 
Gudernatsch , 17 in which he demonstrated that tadpole laivae when fed 
thyroid gland preparations would undeigo complete metamoi phosis in a 
much shoitei time than normally Subsequent work has not only con- 
filmed this fact, but demonstrated that the change in form by the larvae 
is a direct expiession of the stimulation of metabolism (Lenhart 14 ) 



Tig 1 — Normal metamorphosis of amphibian larva, Rana Pipiens A shows 
tadpole aged 2 weeks , B, 3 weeks , C, 5 weeks Note the appearance of posterior 
limb buds m C and the disappearance of simple coded intestine 

Swingle , 18 by his admit able woik in this field, pointed out the influence 
of oi game iodine and allied substances on tadpole metamoi phosis and 
warned against the tadpole test in determining the thyroid potency of 
commei cial prepaiations By using piopei conti ols and by a comparison 
of iodine contents, we feel that Swingle’s suggestions aie not applicable 
in the following experiment 

16 Cooksey, W B The Influence of Thyroid Feeding on the Brain of 
Rana Pipiens, Endocrinology 6 393 (May) 1922 

17 Gudenatsch, J F Feeding Experiments on Tadpoles, Am J Anat 15 
431, 1914 

18 Swingle, W W Is the Tadpole Test for Thyroid Valid ? Fndocrmology 
8 832 (Nov ) 1924 
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EXPERIMENTAL WORK 

In conducting the experiment, we used the thyroid glands from thirty 
persons operated on for goiter over a period of two months These glands 
were taken from the operating room to the laboratory as quickly after their 
removal as possible In the laboratory, the gland was stripped of fatty and 
fibrous tissue, and after suitable sections for microscopic study had been removed, 
the gland was cut into small pieces, care being used not to lose any of the 
juice of the tissue The thyroid which had been cut was spread on large 
watch glasses, carefully weighed and then placed m a vacuum desiccator over 
calcium chloride The glands were desiccated at room temperature and 
w’ere usually dry in twenty-four hours, although for uniformity they were 
left in the desiccator four days After desiccation, the glands w'ere placed in 
a large mortar and ground into a fine powder The fresh and dry weight was 



\ 

I 


Fig 2 — Normal metamorphosis continued D show's tadpole aged 6 weeks, 
E, 7 w'eeks , F, 9 weeks Note the limb buds, shortening of the tail, and adult 
appearance of the snout The latter occurs as the gills disappear 

recorded m each case By Kendall’s method, 10 the iodine content w r as determined, 
each determination being checked at least twice 

The larvae used w r ere hatched from fresh eggs of Rana pipicns obtained 
through the courtesy of the University of Michigan biologic department Tad- 
poles of similar age and size w r ere carefully selected, and each lot was given a 
control period of from five to seven days The control food consisted of one 
part egg yolk, tw'o parts pow'dered clover leaves and eight parts of flour mixed 
together in a paste and spread out in a thin layer to dry This food, consisting of 
thm flakes, was easily ground to small pieces suitable for feeding even extremely 
small larvae The food which contained thyroid was prepared in a similar 
w r ay, each ingredient being carefully weighed and each preparation containing 


19 Kendall, E C Determination of Iodine in Connection with Studies m 
Thyroid Activity, J Biol Chem 43 149, 1920, 19 251, 1914 
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sufficient thyroid powder to be exactly equivalent to 4 Gm of fresh gland The 
food was fed to the larvae once daily, each bowl being the same size and con- 
taining the same number of tadpoles, while a similar amount of food was fed 
each lot The complete feeding experiment was repeated three times, tadpoles 
of various ages being used for a comparative study 

The tesults of out experiments ate shown in the table However, 
there are seveial impoitant details that wariant furthei elaboiation 

By reference to the table, it is obvious that, except for slight van- 
ation, glands lemoved fiom patients who bore marked clinical signs of 



Fig 3 — Acceleration of the metamorphosis b\ th\roid feeding for eight dajs 
in larvae aged weeks 1 is a representative specimen from lot fed exophthalmic 
goiter gland, gland from case 4 being used , 2, specimen from lot fed normal human 
gland, 3, specimen from lot fed normal food Note how nearlj complete is the 
metamorphosis of larva 1, which was fed the goiter gland 

thyroid toxicity, namely, tachycaidia, nei vousness, loss of weight, etc, 
were able to pioduce a parallel situation m the expenmental larvae, that 
is, extiemely toxic goiter glands pioduced a moie maiked acceleration of 
laival metamorphosis than was pioduced by the less toxic oi noimal 
gland This will he moie cleaily seen by lefeience to figuies 4 and 5, 
which l epresent cases 4 and 7 with then conti ols 
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REPORT Or CASES 

Case 4 — A negro, aged 27, had had symptoms of exophthalmic goiter for 
two and one-half years He was extremely nervous, had marked tachycardia, 
had lost 50 pounds (22 7 Kg ) in weight and had exophthalmos, tremor and lid lag 
He had a rather severe hemorrhage two hours after operation, which was con- 



Fig 4 — Representatn e specimens from lot 3 of experimental lanae Tad- 
poles were 26 days old and were fed experimental food for se\cn da>s 1 shows 
specimen fed normal food , 2, specimen fed normal human tin roid , 3, specimen fed 
goiter gland from case 4 Note the anterior and posterior limb buds m 3 and the 
close proximity to adult form 



Fig 5 — Representative specimens from lot 3 of experimental larvae 1 shows 
specimen fed normal food , 2, specimen fed normal human thyroid , 3, specimen 
fed goiter gland from case 7 Note the almost complete adult form of tadpole 3 


trolled, but he died fifteen hours later in a typical thyroid storm A diagnosis of 
primary hyperplastic goiter, with the syndrome of exophthalmic goiter was made 
The tadpoles from the lots fed glands from patients nos 3 and 12 showed a 
similar acceleration of development 
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Figures 4 and 5 show that piactically a complete change to adult form 
occuned in those larvae to which goiter glands weie fed Both anterior 
and postenoi limb buds aie piesent, the tail length is deci eased, and an 
adult f oi m is obvious Since in all the feeding experiments, exactly the 
same amount of fresh gland was used in each lot, one must conclude that 
the thyroid gland in these cases actually contains moie active principle 
than is normal 

Case 11 is an example in which the thyioid fiom a case of nontoxic 
goitei was used (figs 6 and 7 ) 

Cash 11 — A woman, aged 31, had had a large thyroid for twenty years Four 
years ago, during her last pregnancy, the thyroid increased in size, and she 
was slightly nervous and tired easily 



Fig 6 — Representative specimens from lot 3 of experimental larvae 1 shows 
specimen fed normal food , 2, specimen fed normal human thyroid , 3, specimen 
fed goiter gland from case 11 Note that tadpole 3 is little changed from the 
specimen fed normal food , the tail is not shortened, the snout is little changed, 
and posterior limb buds are just appearing 

She had never had tremor or exophthalmos, or lost weight and her blood 
pressure was normal Both lobes of the gland weighing 134 Gm were removed, 
and she had a slight postoperative reaction A diagnosis of colloid adenoma was 
made (fig 6 and case 11 in table, see also cases 13 and 14 in table) 

Appaiently these glands weie not able to acceleiate tadpole metamor- 
phosis greatly, for the larvae weie not even as fully developed as were 
the ones which had been fed with normal human glands 

Figure 8 and cases 3 and 6 in the table aie examples of toxicity 
arising on the background of old adenomas 

Cash 6 — A woman, aged 57, first noticed enlargement of the thyroid gland 
twelve years before admission to the hospital For one year she had had symptoms 
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which consisted of nervousness, palpitation and tremor She had lost 12 pounds 
(5 4 Kg ) in weight, and her basal metabolic rate was + 62 per cent and + 32 
per cent before operation She was extremely toxic A large, friable gland was 
removed, which weighed 815 Gm , and in the center of which was a large 
area of degeneration Microscopic examination showed numerous hemorrhages 
She had a severe postoperative reaction 

As seen by the figuie, this gland was able to accelerate laival 
metamorphosis almost as much as the gland in case 4, m which there was 
a primary hyperplastic goitei with the syndiome of exophthalmic goiter 

The iodine content of noimal thyroid gland preparations has been 
shown lepeatedly to he closely coil elated with the actiwty of the prepara- 
tion But in these expenments, we have found that the iodine content is 



Fig 7 — Representative specimens from lot 3 of experimental lanae 1 shows 
specimen fed normal food , 2 , specimen fed normal human tin roid , 3, specimen 
fed goiter gland from case 13 The patient in case 13 had a mild pnmarj 
hyperplastic goiter and had had much rest, roentgen-raj treatment, and com- 
pound solution of iodine Note that 3 show's little change o\er 1, which was 
not fed thyroid 

by no means the only factoi invohed in abnormal gland preparations 
It must be consideied that practically all of the patients fiom whom 
these glands weie removed had been given compound solution of iodine 
For that leason, the iodine content of the glands is abnormally high 
One might, therefoie, expect ceitain abnormal factoi s to be present in 
the feeding tesults due to the oiganic iodine itself However, theie is 
not one exception to the rule that the glands removed fiom clinically 
toxic cases are able to produce marked acceleration of metamoipbosis 
regardless of the iodine content of the gland used Cases 4, 7 and 12 
illustrate this fact extremely well, for legardless of the low iodine con- 
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tent m case 4 experimentally it pro\ed just as actne as case 7 or 12 
in which the iodine content was much higher Also m cases 9 and 13, 
the goiters are of the primary hyperplastic t\pe because of pre\ious 
operation or roentgen-ra} treatment plus much rest and iodine a low 
clinical toxicity is present Although these glands had a high iodine 
content the}' were not able to exert a pronounced effect on lan al meta- 
morphosis 

It will be noted that those glands with a high iodine content were 
more toxic for lots 1 and 2 of the tadpoles than they were when fed to 
lot 3 This w'as e\ ident by the extreme emaciation and earlv deaths of 
the lanae of lots 1 and 2 when active glands with high iodine contents 
w ere fed to them This is due to the fact that lots 1 and 2 represented 



Fig 8 — Representatne specimens from lot 3 of experimental lanae 1 shcms 
specimen fed normal food, 2, specimen fed normal human tluroid 3, specimen 
fed goiter gland from case 6 


lanae onh 10 and 14 da\s old respectneh, while the tadpoles used in 
lot 3 were all 26 da\s old As also reported b} other workers the 
\ounger lanae are much more easil} killed b\ thiroid and organic 
iodine than the older lanae, hence much more reliable data may be 
obtained when the older tadpoles are used since m them the lanae are 
able to proceed to more complete changes before toxic effects are 
manifest 

In order to check further the question of iodine content, food w'as 
prepared b\ the addition of lodcasem fMulford) to the food otherwise 
prepared as before Sufficient lodcasem was added to each preparation 
so that the total organic iodine was 5 34 mg per gram of tlnroid This 
gave a value, such that each preparation contained the amount of iodine 
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present m gland no 12 in which the iodine content was highest This 
food was now fed as befoie to a sepaiate lot of tadpoles We were 
unable to detect the slightest difference in the tadpoles fed this food from 
those in lot 3 who were started at about the same age, but who were fed 
the thyroid preparation without the addition of extra iodine 

In conclusion, we feel that these expenments have shown by biologic 
test that the thyroid gland in exophthalmic goiter contains quantitatively 
more active principle than is present in eithei the normal human thyroid 
or the thyroid of patients with less toxic goiter They have fuither 
shown that the amounts of active principle demonstrable in the gland by 
these tests on amphibian larvae is directly proportional to the clinical 
activity of the patients from whom the glands weie derived Certain 
glands removed at operation apparently contained large amounts of this 



Fig 9 — Representative specimens from lot 2 of experimental larvae The 
tadpoles were 14 days old and were fed the experimental food for eight davs 
1 shows specimen fed normal food , 2, specimen fed normal human thj roid , 
3, specimen fed goiter gland from case 7 Note the emaciation, shortened tail and 
change of intestinal form in the larvae fed on thyroid At this age mam of the 
larvae die from the toxic effects before metamorphosis has proceeded far 

active principle, while others contained smallei amounts, and some appai- 
ently contained less than the normal amount Theie has not been a 
direct correlation between this test and the iodine content of the glands, 
thus showing that in these goitrous glands iodine content is not a lehable 
measure of activity While the majority of these patients had been 
given a compound solution of iodine, it had been given in variable 
amounts and foi various lengths of time, and a few had leceived prac- 
tically no iodine This is also shown by the degree of involution of the 
glands If the contention is collect that a compound solution of iodine 
causes a binding of thyioid secretion in the gland, we should expect those 
cases which had been completely iodized and which had shown complete 
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glandulai imolution to be most potent expei imentall) This was not the 
case and as some ha\e contended it is piobabl) due to the fact that 
the laige amount of colloid mateiial eMdent hy nncioscopic examination 
in these imoluted glands is not the actne thyioid secietion, but stoied 
colloid Pei haps the stoiage of this mactne colloid tempoianly inhibits 
secretion of the tine th\ioid pi maple Ceitamly theie was no coil ela- 
tion. as fai as we could see between the dcgiee of imolution change 
and the expeumental aclnitc 

si m m \u\ 

1 '1 he question of exccssne tlnioid secietion m exophthalmic goiter 
and allied diseases is discussed, and the \aiious claims foi and against 
h\ petlh\ roidisin aie presented 

2 Feeding expeuments weie conducted m which vanous t)pes of 
goitmus glands uom human beings weic ted to tadpole Iatvac There 
is cadence from these expeuments that tlnioid glands fiom clinically 
acme cases of goiter actualh contain moic actne tlnioid pnnciple 
per unit weight than the normal tlnioid Other goitrous glands con- 
tained less actne pnnciple b\ this biologic test, and the amounts were 
directh pioportwnal to the chnic.il actmt\ of the patient Old non- 
toxic adenomas contained less actne pi maple pci unit weight than 
normal, while one gland which had had much iocnlgen-ia) tieatment 
and test also contained less actne principle pei unit of weight 

3 P.\ these expunncnts. In pet secietion of the tlnroid gland in 
cxojihth dime goitci and othet clinical tlniotoxic cases seems defuuteh 
pro\ ed 
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SOME EXPERIMENTAL ErrECTS Or THIS DRUG ON THE 
CARDIORESPIRATORY MECHANISM A 

M HERBERT BARKER, MD 

AND 

SAMUEL A LEVINE, MD 

BOSTON 

Much has been wxitten of late, especially in the continental medical 
journals, as to the value of caidiazol (penta-methyl-tetrazol) Ithas been 
recommended especially in cases of acute cardiovascular collapse and 
respnatory failuie Glowing repoits aie appealing of its use in varied 
conditions, such as pneumonia, surgical shock, intrapartum asphjxia, 
auncular fibi illation, angina pectoris, diabetic coma, scopolamine depres- 
sion and othei conditions The bulk of these repoits, bower er, are of 
pooily conti oiled clinical obscn ations made on a small number of cases, 
usually fiom three to six, when othei stimulants had previousl} been 
gnen It is our puipose in this papei to give a short summarj of the 
pharmacology of caidiazol and to report some expenmental work con- 
cerning the points foi which it is most recommended 

Camphor has long been used as a cauhac stimulant, especialh in acute 
conditions and in monbund states Lewm, 1 in 1890, and Selin alb, 2 m 
1912, found it to be a depressant joachmoglu, 3 in 1916, was unable to 
substantiate pievious far oi able repoits, they also believed that it rras a 
caidiac depressant Heathcote ' found that the administration of 
camphoi mtrar enously pioduced a shaip fall in the blood pressure, and 
concluded that “theie is no convincing pharmacologic evidence that 
camphor possesses any value whatevei as a cardiac or circulatory 
stimulant ” Sollmann r ’ felt that its effects weie inconstant and unreliable, 
and that no conclusions could be diawn from experimental rrork on 
animals Cushney 0 said “There is no i eason to believe that camphor, 
m even the largest therapeutic doses, has any effect aftei absorption 

^ From the Medical Clinic of the Peter Bent Brigham Hospital and the 
Department of Medicine of the Harvard Medical School 

1 Lewm, A Arch f exper Path u Pharmakol 27 226, 1890 

2 Schwalb, H Arch f exper Path u Pharmakol 70 70, 1912 

3 Joachmoglu, G Arch f exper Path u Pharmakol 80 259, 1916 

4 Heathcote, R A J Pharm <S. Exper Therap 21 177 (April) 1923 

5 Sollmann, T A Manual of Pharmacology, Philadelphia, W B Saunders 
Company, 1922, p 493 

6 Cushney, A R Pharmacology and Therapy, Philadelphia, Lea & Febiger, 
1924, p 72 
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except a slight dilatation of the skin vessels ” Marvin and Soifer T 
arrived at similar conclusions from clinical observations 

An occasional sti iking result, however, is apparently obtained from 
the use of camphor, and investigation has been continued m an attempt 
to find some active principle in the drug Most organic groupings having 
an effect on the heait have been found to be limited to the organic 
nitrogen compounds The alephatic amines have little if any effect, and 
most of the aiomatic amines are too toxic for prolonged use s The 
imadazol ung seems ineffective, but little has been done with the tetrazol 
gioup 

Schmiederberg and Meyer 9 felt that since camphor is insoluble and 
is suspended m oil, the irregular therapeutic responses were due to the 
i ariabihty of absorption, hence an inconstant dosage Various forms and 
isomers of camphor have been investigated Gottlieb and Schuleman 10 
synthetically produced a camphor substitute, 3 methyl — 5 isopropyl 
— 2-3 cyclohexanon (Hexeton-Bayei ), soluble m 20 per cent aqueous 
solution of sodium sahc)late Schmidt and Hildebi andt 11 found that 
camphor effects were not limited to the members of the terpene group 
soluble with difficulty, but could be produced by several compounds 
of the nitrogen-polymethylene series One of this series Schmidt 12 
de\ eloped by the action of two molecules of hydrazoic acid on cyclo- 
hexanon, gi\ mg the compound sold under the name Cardiazol Schmidt 
has claimed it to be pentamethylentetrazol x 

Schmidt and Hildebrandt 12 found cardiazol stable to heat, readily 
soluble, quickly absorbed and not cumulative The extraordinary 
absoiptive quality rendered it practically as effective when given subcu- 
taneously as when given mtiavenously, as regards dosage and reatcion time 
They reported a stimulating effect on the heart of the frog, rat and rabbit, 
both in normal and in depressed states (chloroform) when isolated and 
intact hearts were used Respiration depressed by morphine was improved, 
and they considered that the cortex of the brain was “powerfully 
stimulated by cardiazol ” They, therefore, concluded that cardiazol was 
distinctly an improvement on camphor Expenmentally, they found a 

*In the preliminary report of the Council on Pharmacy and Chemistry (J A. 
M A 90 2019 [June 23] 1928) it was recommended that the name Metrazol be 
used instead of “Cardiazol ” 

7 Marvin, H M, and Soifer, J D Value of Camphor-m-Oil as a Cardiac 
Stimulant, JAMA 83 94 (July) 1924 

8 Wolf and Sherman Clm Med 33 8 (Aug ) 1926 

9 Schmiederberg and Meyer Ztschr f Phys Chem 3 422, 1924 

10 Gottlieb, R , and Schuleman, W Deutsche med Wchnschr 49 1536 
(Dec) 1923 

11 Hemmerling Deutsche med Wchnschr 51 1618, 1925 

12 Schmidt, K F . Hildebrandt, F , and Krehl, U Klin Wchnschr 4 1678 
(Aug 27) 1925 
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definite effect within from thirty to sixty seconds when given mtia- 
venously, and in from one to three minutes when given subcutaneously 
Toxic eftects were obtained in rats with a dose of 10 mg pei hundied 
grams of body weight and lethal effects with 15 mg Rabbits showed 
toxic manifestations with fiom 10 to 15 mg per kilogram of body weight 
and convulsions with doses of from 20 to 30 mg when given intra- 
venously, and from 30 to 40 mg per kilogram when given subcutaneously 
Eichler and Hildebrandt 13 found the blood pi essui e to be slightly 
depressed and the heart late slightly deci eased 

Stioss 14 found that the heait of a normal frog was unaffected by 
cardiazol, and that large doses had a chronotropic and inotiopic action, 
the heart finally stopping in diastole He depressed the action of the 
heart by several methods, including that used by Schmidt and Hilde- 
brandt (chloroform) and concluded that cardiazol was frequenth of 
help, but not nearly as effectne as either caffeine or epinephrine After 
cardiazol had failed, cardiac arrest produced by potassium and ox gall 
was overcome by epinephrine, on the one hand, and b\ caffeine, on the 
othei He found, however, a marked mciease in the blood piessure, 
which was not obtained in the decerebrate animal Sclioen 13 experi- 
mentally caused depression m rabbits until the vestibular reflex was 
lost, and found that cardiazol was beneficial , it was not beneficial, how- 
ever, if the depression was earned much deeper 

In an attempt to clarify some of the rather conflicting lepoits, a 
series of experiments on cats has been carried out in this clinic to deter- 
mine the toxic and lethal doses Effects on the action of the heai t, blood 
pressure and respiration were then observed in the anesthetized animal , 
finally, the same observations were made m various experimentally pro- 
duced states of depression 

EXPERIMENTAL TECHNIC 

Thirtj-five adult cats were used, and sc\eral experiments were performed with 
many They were placed on an animal board in the dorsal position, and carried 
under light ether anesthesia The right fore leg and the left lund leg were 
shaved, and the customary lead II electrocardiograms were made The left 
femoral artery and vein were exposed, and 01 Gm of heparin 1 '' was dissohed m 
2 cc of physiologic sodium chloride solution and injected intrae enoush A 
cannula w r as inserted in the left femoral artery and connected with a mercur\ 
manometer by means of a rubber tube containing 3 per cent acacia solution under 
slight pressure Clamps between the cannula and the manometer were then 

13 Eichler, O , and Hildebrandt, F Arch f exper Path u Pharmakol 
116 110, 1926 

14 Stross, William Arch f exper Path u Pharmakol 114 177, 1926 

15 Schoen, R Arch F exper Path u Pharmakol 113 257, 1926 

16 Gordon, B , Matton, M , and Levine, S A J Clin Im estigation 1 497 
(Aug ) 1925 
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removed, and a graphic record of the arterial pressure was traced A pneumo- 
graph was placed about the cat's chest and connected with a tambour, and a 
similar tracing of the respiration was recorded Medication was given intra- 
venously and subcutaneously Ten per cent solution of cardiazol (Knoll 1 ') m 
ampules was used throughout this study A neutral 1 per cent solution of 
qumidme sulphate (U S P ) m doses of from 6 to 30 mg per kilogram was 
employed to depress respiration and heart action and to lower the blood pressure 
in one series of experiments, 10 while 0 5 per cent solution of sulphuric acid was 
used for the same purpose in another 18 Caffeine sodiobenzoate in physiologic 
sodium chloride solution was given in doses of 10 mg per kilogram 

TOXIC, SUBLETHAL AND LETHAL EXPERIMENTS 

Caidiazol was given to anesthetized animals in doses of from 1 to 
15 mg per kilogram Such doses go well below and above those recom- 
mended for clinical use In this group of eight animals, no favorable 
respiratoiy, caidiac, blood pressuie or electrocardiographic changes were 
noted, but frequently, a decided depression of blood piessure and heart 



Chart 1 — In this and the following charts the upper tracings show respiration 
and the lower show blood pressure At the bottom, time is indicated in intervals 
of ten seconds In the other figures, although time is not indicated, the same 
measurements obtain Cardiazol, 1 5 mg per kilogram was given intravenously 
at A, and 10 mg per kilogram at B Note that respiration is not affected except 
by a definite slowing with the second dose The blood pressure fell slightly with 
the small dose and more markedly with the larger dose, the total fall was from 
160 to 136 mm of mercury The pulse amplitude markedly deminished 

action occurred (chart 1) Total amounts as large as 480 mg per kilo- 
gram were without a toxic effect when given in small divided doses 
(from 3 to 5 mg per kilogram) at intervals of six minutes. This indi- 
cates that there is little if any accumulation, for much smaller amounts 
were lethal when given in single doses 

Toxic manifestations developed constantly within from forty-five to 
ninety seconds after intravenous administration, with doses of about 
35 mg per kilogiam Fine fibiillary twitchmgs appeared first about the 

17 We are indebted to E Bilhuber of New York for a liberal supply of this 
drug that was used in this investigation 

18 Bayliss, W M Intravenous Injection m Wound Shock, Brit M J 2 
553, 1918 
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lips, the eyes and in the legs Vanous degrees of geneiahzed muscular 
spasticity frequently occuried and occasionally a convulsion of varying 
seventy and duration There were peculiar changes in the respiration 
At first, there was a deep inspiration accompanied by generalized mus- 
culai spasms, and the lespuation was held in this position (chart 2) 
After from sixty to ninety seconds, shallow and rapid respiratory phases 
ensued, lesulting in embarrassed aeration with cyanosis of the lips and 
tongue This condition gradually passed off, usually lestoimg the 
respiration to a normal rate and amplitude in from twehe to eighteen 
nnuutes These experiments showed that the doses from 35 to 70 mg 
pei kilogiam weie toxic, but not lethal The seventy of the toxic symp- 
toms varied with the amount injected 

Single doses of 80 mg or more per kilogram weie lethal in eieiy 
case (seven experiments), whethei given intiavenously or subcutane- 
ously The animals showed the usual toxic sjmptoms about a minute 
after administiation, then quieted down, only to lesume terrific tonic 
convulsions about one and one-half hours later, these convulsions were 



Chart 2 — This chart illustrates the toxic results from 35 mg per kilogram 
of cardiazol given at A Note first a cessation of respiration at B, animal held 
breath in deep inspiration and showed fibrillary twitclungs The respiration was 
regular From C to D, there were convulsions The animal recovered 

fatal The blood pressure was decreased in \arjmg amounts, and the 
only significant fact noted m the electrocardiographic tracings was a 
slight slowing of the heart rate (an average of from 165 to 150) and an 
occasional inversion of the T wave Postmortem examination showed a 
rigid, outstretched animal, with much froth about the nostrils and mouth 
The intestines were in a spastic state, and the heart was arrested in 
systole Gross changes of the central nervous system were not noted 

EXPERIMENTAL COLLAPSE 

A sharp fall in the blood pressure of from 60 to 70 mm of mercury, 
produced by neutral quimdine sulphate m doses of from 6 to 9 mg pei' 
kilogram, was not benefited by cardiazol Doubling the foregoing doses 
of quimdine produced a decrease m the rate and amplitude of respnation 
in addition to the customary fall in blood pressure The patient was not 
improved by the use of cardiazol (chart 3) Not only was there failure 
to support respiration and blood pressuie, but frequently the depression 
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was made definitely worse by cardiazol In fact, occasional!} the 
depressed state from which recovery was to have been expected prosed 
to be fatal after even a small dose of cardiazol Such an experience was 
well illustrated in chart 4 Here a moderate depression of respiration 
and blood pressure was first obtained by the administration of 5 mg pei 
kilogram of qumidme, from which state a complete recovery ordmaril) 
takes place in from twelve to fifteen minutes In this instance, the 
customary recovery was taking place when cardiazol was given The 
return of blood pressure was almost immediately arrested and followed 
by a cessation of respiration, slight convulsion, failure of heart action 
and death 

Doses of 30 mg per kilogram of neutral qumidme sulphate produce a 
fall in blood pressure of 100 mm or more of mercury and cause respira- 
tion to cease It is m such a state of shock that a cardiovascular or 



Chart 3 — At A, 7 5 mg per kilogram of neutral qumidme sulphate was given 
intravenously Note the marked customary fall in blood pressure (from 180 to 
116 mm of mercury) and slight depression of respiration At B, the same dose 
of qumidme was repeated with further depression (blood pressure fell to 95 mm 
of mercury) At C, 20 mg per kilogram of cardiazol was given with no appre- 
ciable effect on blood pressure or respiration The slight recovery of blood pres- 
sure is less than seen following qumidme without cardiazol 

respiratory stimulant would be of great value Therefore, m a number 
of experiments, cardiazol was given while the heart was still beating 
Small doses of from 1 to 20 mg per kilogram did not have any effect 
and larger doses (from 20 to 40 mg ) seemed to kill the animal promptly 
Although cardiazol did not have a stimulating effect in such marked 
states of collapse, caffeine alone or with artificial respiration, as observed 
by Gordon, Matton and Levine, 10 had a prompt and astounding restora- 
tive action This was well illustrated m chart 5 ; 30 mg of qumidme per 
kilogram was given (part 1, chart 5), producing a fall of 80 mm in 
blood pressure and cessation of respiration Although the blood pressure 
was greatly reduced, the action of the heart was good, as indicated by the 
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electrocardiographic record taken simultaneously and by the pulse excur- 
sions made on the kymograph Ten milligrams per kilogram of cardiazol 
was then given, and a fuither fall m blood pressure followed with a 
marked diminution in the pulse Ten milligrams of caffeine sodio- 
benzoate was then given, and the pulse rate showed definite improvement, 
but there was no evidence of return of the respiration , therefore, 
artificial respiration was instituted at about the rate and rhythm of the 
normal animal Respiration quickly leturned, the action of the heart 
improved, and the blood pressure began to rise A few minutes later 
(part 2, chart 5), quinidine was given, this tune rather slowly so that 
we might obtain a depressive effect on the respiration without killing the 
animal Twenty milligrams per kilogram again caused a fall in the blood 



Chart 4 — A, 5 mg per kilogram of neutral quinidine sulphate was gnen 
intravenously Note the fall m blood pressure (from 156 to 86 mm mercurj), 
with customary beginning recoven A.t B, 7 mg per kilogram of cardiazol was 
given Note the marked fall of blood pressure with essential arrest of the heart 
and finally cessation of respiration and death despite artificial respiration between 
C and D This shows that cardiazol aggravated the depressed state 

pressure, a decrease in the pulse amplitude and almost a cessation of the 
respiration At this point, 10 mg per kilogram of caffeine was given 
A remarkable and prompt return of respiration, heart action and blood 
pressure followed The animal recovered, and a better state was piescnt 
than just before the second dose of quinidine was given , m fact, the cat 
seemed m almost as good condition as when the experiment was started , 
therefore the admimstiation of quinidine was lepeated (part 3, chait 5) 
llus time the dose was only 10 mg per kilogiam, but it was followed 
by a fall m blood pressure of IS mm and a moderate deciease in rate 
and amplitude of respiration At this point, 10 mg per kilogram of 




Chart 5 — Intervals of about ten minutes lapsed between upper tracing (I) 
and middle (II) tracing and between middle and lower tracing (III) At A, 
30 mg per kilogram of neutral quimdine sulphate was given Note the marked 
fall in blood pressure (from 190 to 110 mm of mercury) and cessation of respi- 
ration At B, 10 mg per kilogram of cardiazol was given, followed by a further 
fall m blood pressure (from 110 to 76) and a decrease in pulse amplitude At 
C, 10 mg per kilogram of caffeine sodio-benzoate was given A slight increase 
m pulse amplitude resulted, but no effect on respiration Between D and E, 
artificial respiration was followed with prompt improvement of circulation and 
respiration Between F and G, 20 mg per kilogram of quimdine was given slowly 
Respiration almost ceased, pressure fell and pulse amplitude diminished At H, 
10 mg of caffeine sodio-benzoate was given with prompt recovery At I, 10 mg 
per kilogram of quimdine sulphate was given with a slight depression and at 
J, 10 mg per kilogram of cardiazol, which resulted m further depression The 
animal died despite artificial respiration and cardiac massage ( K to L) This 
experiment shows that cardiazol failed to improve the depressed state under cir- 
cumstances in which caffeine restored the circulation, and finally, that cardiazol 
was fatal when the animal would have otherwise recovered 
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carchazol was followed by the same type of depiession as that noted m 
pait 1 of chait 5 Aitificial lespiration was tried, then both artificial 
respnation and cardiac massage was earned out foi a prolonged time, 
however, the animal died m much the same manner as in the experiment 
lllustiated m chart 4 Recoveiy was to have been expected if this final 
dose of cardiazol had not been gi\en The foiegoing experiments show 
definitely not only that cauhazol failed to improve animals in artificially 
depiessed states, but that it even aggiavated the condition 

Further methods of inducing a state of shock or depression were 
employed m oidei to test the value of caidiazol Experimental hemor- 
rhage was produced by removing varying amounts of blood From 
fifteen to fifty cubic centimeteis of blood was withdrawn from a vein, 
causing varying falls in blood piessure (chart 6) Then cardiazol m 
several different sized doses was gnen, but impro\ement was not 



Chart 6 — From A to B, 25 cc of blood was rcino-ved from the femoral \cm 
Blood pressure fell from 190 to 140 mm At C, 25 mg per kilogram of cardia7ol 
was given which produced a slight further depression Ihc animal slouh 
recovered This shows the failure to obtain improvement in the depression 
produced by hemorrhage 

obtained in four experiments Likewise, shock was produced by the 
injection of from 2 to 10 cc of 0 5 pci cent solution of sulphuric acid 
intravenously 17 In other expenments, acid was gnen after a brief 
period of stanation or in conjunction with a slight hemorrhage Car- 
diazol did not piove to be of any value m countei acting the depression in 
any of these expei iments 


CONCLUSION 

In a series of expei iments on cats it was found that caidiazol did not 
have any beneficial effect on the cardioiespnatory mechanism This was 
true in the noimal animal and in states of depression, produced by 
qumidme, hemorrhage and acid intoxication 


THE ELECTROCARDIOGRAM IN DIPHTHERIA* 


M H NATHANSON, MD 

MINNLAPOLIS 

Cuculatoiy failure has long been recognized as a frequent cause 
of death m cases of diphtheria Investigators diffei as to the exact 
mechanism of this process Some believe that the fall of blood piessure 
and the circulatory collapse is a result of a myocardial weakness, while 
others insist that it is due to pi unary failure of the vasomotoi appa- 
ratus, eithei cential or peripheral 

Electiocarchographic studies 1 made during the acute stage of the 
infection show evidences of myocardial damage in a majority of cases 
Changes during the acute penod are chiefly those of disturbances in 
auriculoventricular and mti aventi lcular conduction It is well known 
that m the late and convalescent periods, an acute collapse or sudden 
death may occur, usually aftei slight exertion There are no reliable 
clinical criteria by which such a cardiac involvement may be detected 
dui mg this stage With a view of determining whether the string 
galvanometer may give this evidence, a study was made of a group 
of patients with diphtheria during the convalescent penod Readings 
were taken of fifteen patients with seveie and moderately severe cases 
of diphthena during the penod of convalescence, usually in the third 
or fourth week of illness In all cases, the local condition of the throat 
had entirely cleared up and the cultures for diphtheria bacilli were 
negative The general symptoms of toxemia had disappeaied and 
practically the only abnormality was a heart beat which readily increased 
in rate In seven of the fifteen cases, significant abnormalities were 
seen m the electrocardiogram The following is a leport of these cases 

REPORT OF CASES 

Case 1 — J D , a man, aged 35, admitted to the contagious hospital on Sept 10, 
1922, had been ill with a sore throat for three days before admission and had received 
20,000 units of diphtheria antitoxin on the fifth day After seven days in the 
hospital, he showed paralysis of the soft palate Examination of the heart on 
September 15 did not reveal any abnormality He was discharged on September 21 


*From the Medical Service, Minneapolis General Hospital, and the Depart- 
ment of Medicine, University of Minnesota 

1 Rohmer, P Electrocardiograplusche und anatomische Untersuchungen 
uber der Diphtherie-herztod und dessen Beziehungen zum Reizleitungssystem, 
Ztschr f Exper Path u Therap 11 426, 1912 McCulloch, H Studies on the 
Effect of Diphtheria on the Heart, Am J Dis Child 20 89 (Aug ) 1920 
Smith, S C Observations on the Heart in Diphtheria, JAMA 77 765 
(Sept 3) 1921 Marvin, H M The Effect of Diphtheria on the Cardio- 
vascular System, Am J Dis Child 29 433 (April) 1925 
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after three negative cultures had been made On October 10, thirty-three days 
after the onset of the diphtheria, he was admitted to the neurologic service with 
the following complaints loss of voice, difficulty in walking, clumsiness in the 
use of the hands and the fingers, with tingling sensation and general weakness 
The neurologic diagnosis was multiple neuritis following diphtheria Because of 
an irregular pulse, electrocardiograms were made and ventricular extra systole, 



Chart 1 (case 1) — Leads I, II and III, and lead I (lowest record) three 
months later showing return to an upright T 

a left preponderance and an inversion of the T m lead 1 were revealed (chart 1) 
The patient was kept at rest in bed for three months, and at the end of that 
time showed a normal upright T in lead 1 (chart 1, lowest record) 

Case 2 — M B , a woman, aged 20, entered the contagious hospital on 
Oct 13, 1925, with a history of sore throat, chills and fever, nausea and vomiting 
for four days On examination she appeared toxic, the heart rate was rapid, 
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the uvula and tonsils were covered by a membrane, and the neck was swollen 
on both sides, the temperature w'as 103 F, and the pulse rate, 120 She receded 
20,000 units of antitoxin On October 16, the membrane w'as shrinking and the 
general condition improved Her course was satisfactory until October 20, seven 
days after admission At 3 15 a m she suddenly complained of pam m the 
precordium, felt dizzy, vomited and looked pale A slow pulse varjing from 
50 to 60 was noted Stimulants were administered and the patient felt con- 
siderably improved during the day On October 28, cultures of the throat were 
negative Her progress had been satisfactory and she was allowed to sit up in 
bed Her pulse rate, however, increased on even such slight exertion 



Chart 2 (case 2) — Leads I, II and III showing inverted T m all leads 

Physical examination on November 4 revealed a possible slight general dilata- 
tion of the heart, a gallop rhythm and an occasional extra systole The impression 
w r as a probable mild degree of toxic myocardium The following day the heart 
rate w r as 102 w'hen the patient was resting and the blood pressure w'as 110 sys- 
tolic and 70 diastolic On November 4, an electrocardiogram w'as taken (chart 2) 
which showed inversion of the T in all leads with low' voltage On November 7 r 
another electrocardiogram was taken which was essentially the same as the 
previous record On November 11, the patient developed a numbness and peculiar 
tingling in the right hand and soft palate On November 13, w'hile sitting up m 




26 ARCHIVES OF JR TERN AL MEDICINE 

bed and reaching for a pitcher of water, she suddenly gasped and fell hack 
A house doctor saw her at once Her entire body was rigid, she was breathing 
in slow gasps, her pulse at the wrist could not be felt and the heart sounds could 
not be made out She ceased breathing within a few minutes after the onset 
An autopsy was not obtained 

Cask 3 —V H , a school boy, aged 12, entered the pediatric ward on Jan 7, 
1926, because of regurgitation of food through the nose He gave the following 
history On Dec 3, 1925, he developed a sore throat, and on December a, anti- 



S 


Chart 3 (case 3) —Leads I, II and III showing lmcrsion of Ti and T- 

toxin was administered The infection m the throat cleared up rapidh and he 
was allowed to be up and around by December 12 He felt -weak, however, and 
tired easily and his mother noticed that Ins voice was peculiar It was also 
noted at this time that there was a regurgitation of liquids through the nose 
On examination, his heart was apparently normal with the exception that the 
rate increased easily on change of position There w r as a moderate aphonia and 
the soft palate did not move on phonation On January 15, an electrocardiogram 
(chart 3) showed inversion of the T in leads 1 and 2 The boy was kept in bed 
and his neurologic signs gradually disappeared He was discharged on February 1 
At this time the T wave was rather low', but had become upright He leturned to 
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the outpatient department on April 21 feeling well, and at the time an electro- 
cardiographic tracing showed a well developed upright T wave in all leads 
(chart 4) 

Case 4 — L D, a child, aged 6, was admitted to the contagious hospital on 
Oct 18, 1926, with a history of sore throat for one da>, fever and vomiting \ 
large membrane was present over the tonsils and pharynx and there was a pro- 
fuse nasal discharge The temperature was 104 F, the pulse was rapid The 
child appeared toxic Twenty thousand units of antitoxin were administered 
The child was seriously ill for ten days, but gradually improved and was dis- 
charged with three negative cultures on November 12 At this time an electro- 
cardiogram showed a right preponderance with inversion of the T in leads 2 and 3 





Chart 4 (case 3) -Well-developed, upright T, the electrocardiogram was taken 
three months after chart 3 

(chart S) The mother was cautioned concerning the child’s cardiac condition, 
and extreme restriction of activities was advised Another electrocardiogram on 
Jan 10, 1927, showed normal upright T waves (chart 6 ) 

q ase 5 Mrs M H, aged 42, was admitted to the contagious hospital on 

Feb 3, 1926, with the history that she had developed a sore throat three days 
previously, with swelling of the neck and hoarseness On admission, her tem- 
perature was 1008 F and the pulse rate, ISO Her throat was markedly swollen, 
and there was marked edema of the soft palate and tonsillar tissues There was 
a grayish exudate over the entire pharynx and tonsils, a brawny induration on 
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both sides of the neck , the heart tones and chest were normal The patient was 
given 20,000 units of antitoxin intravenously Because of her respirator} dif- 
ficulty she was intubated She had great difficulty m retaining the tube, and a 
tracheotomy was considered She later coughed up a piece of membrane, and 
her breathing became easier On February IS, 10,000 more units of antitoxin 
were given, the pulse rate was ISO, and the patient looked seriously ill On 
February 18, the membrane began to disappear and within a week it had entirely 
cleared up An elevated temperature was present for about two weeks On 
March 6, she developed a tonsillar abscess on the right side and later subcutaneous 
abscesses developed on the neck She continued improving, however, and left 
the hospital on March 17 An electrocardiogram was taken on that day (chart 7) 
showing inversion of the T-l and T-2 Three days after discharge from the hos- 



Chart 7 (case 5) — Leads I and II showing inversion of T in the eighth 
week of the disease 

pital, she developed difficulty in swallowing and regurgitation of fluids Three 
days later, her difficulty in swallowing became more marked and she died 
suddenly during the afternoon 

Case — M W , a woman, aged 24, noticed some soreness of her throat on 
Nov 14, 1926 Her throat became swollen, and a physician was called who made a 
diagnosis of diphtheria, and she was admitted to the contagious hospital on 
November 16 She appeared toxic, with a pulse rate of 90, and temperature, 
103 F Thirty thousand units of antitoxin were administered intramuscularly 
The fever was present only three days, and the patient gradually improved On 
the eleventh day of her illness, she complained of some precordial pain, and on 
examination, a mild dilatation of the heart was considered probable On 
November 29 an electrocardiogram showed an inverted T in leads 2 and 3 
(chart 8) By December 1, she had shown three negative cultures She showed 
a marked variation in pulse rate, however, and was transferred to the medical 
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service on December 9 On examination, her heart seemed slightly out to the left , 
the rate was 92, but auscultation revealed nothing abnormal Electrocardiograms 
were taken seveial times a week, but did not show any change until Jan 7, 1927, 
when the inverted T was replaced by an isoelectric T wave (chart 9) On 
December 22, she complained of some difficulty m swallowing Some of the food 
appeared to stick in the upper part of the esophagus The dysphagia gradually 
improved, but on January 6, she complained of some numbness in the low'er 
extremities and also tingling m the hands and feet On January 10, neurologic 



Chart 8 (case 6) — Inversions of T in leads II and III at the end of the second 
week 

examination showed the tendon reflexes present only on reinforcement and muscle 
power reduced in the low'er extremities The diagnosis was diphtheritic polyneuritis 
These symptoms continued for several weeks and gradual h cleared up On 
January 21, the electrocardiogram showed low' but upright T w-aics (charts 10) , 
in subsequent tracings the T waves became more definitely positne The patient 
was again seen on May 26, six and one-half months after the onset She still 
complained of some weakness but of no definite symptoms suggestne of cardiac 
involvement The physical examination w'as negative and the wtal capacit\ was 
normal An electrocardiogram showed upright T m all leads and the heart was 
normal m size on roentgen-rav examination 
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Chart 9 (case 6) — Five weeks after chart 8, showing iso-electric T m kad II 



Chart 10 (case 6) —Two weeks after chart 9, showing definite upright T in 
lead II 
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Case 7 — C N , a man, aged 19, entered the contagious hospital on Oct 1, 1926 
He had complained of a mild sore throat for about a week but had been up and 
about Three davs before admission, his throat and general condition had become 
worse, and lus neck began to s\\ ell on both sides He was then seen by a physician 
and sent to the hospital On admission, he appeared seriously ill, with a tempera- 
ture of from 102 to 103 F , the pulse rate was 110, and there was considerable dif- 
ficulty in swallowing There was a diphtheritic membrane in the throat, a profuse 
nasal discharge and a marked swelling on both sides of the neck Thirty thousand 
units of antitoxin were administered The patient s condition was serious for 
about two weeks He Mas irrational at times, and apathetic and drowsy at other 
times On October 11, he complained of extreme weakness, and became more 



Chart 11 (case 7) — In sixth week of illness, showing inversion of T m leads 
II and III 

stuporous Respiration w'as shallow and there was slight ejanosis of the fingers 
The pulse rate was 60 and the temperature, 97 F Two hundred and fifty cubic 
centimeters of 10 per cent dextrose were administered intravenously Two days 
later his pulse rate was still slow', as low' as 52 Respiration was shallow, Ins 
face was pale, and there was still some evanosis of the fingers His circulator} 
symptoms improved during the day Followung this lus general condition gradually 
improved, but he developed a motoraphasia on October 20, from which lie began 
to recover within two days During this time he had been running a pulse rate 
of 60 or below On October 26, lus pulse rate w'as more rapid, being 72 After 
four negative cultures w'ere obtained, he was transferred to the medical service 
on November 4 because of marked lability of the pulse On examination, the 
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pulse at rest was found to be 88, the blood pressure was 134 diastolic and 78 
systolic Physical examination of the heart was negatne An electrocardiogram 
on November 5 showed inversion of T-2 and T-3- (chart 11) Electrocardio- 
grams taken every three or four days did not show an) change until Xo\ ember 
19, when the T inversion was less marked m degree On December 3, the T \\a\e 
was positive but of low amplitude (charts 12) All of the subsequent electro- 
cardiograms were normal 

An analysis of the electrocardiographic observations in these cases 
shows the following There was an absence of high grade iriegularities. 


/ 



Chart 12 (case 7) — Four weeks after chart 11, showing low but upright T in 
leads II and III 

occasional ventricular extra systoles being the onh arrhythmia noted in 
two cases There was no evidence of prolonged auriculoventricular 
or intraventricular conduction time The longest PR interval was 
0 18 seconds and the QRS complex was not altered m any case The 
chief significant change was in the T wave A definite inversion of the 
T was present in all In one instance, the T was inverted m lead 1 
and m another m leads 1 and 2 In three cases, the change occurred 
in leads 2 and 3 and in two instances, m all leads In addition, four 
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electiocaicliogiams showed a light pi eponderance and two a left pie- 
ponderance In two cases, sudden death occurred within a week after 
the readings were taken The patients have recovered m the remaining 
five cases, and with recoveiy the T wave has become upright The 
change was a gradual one, the T fiist becoming less negative, then 
iso-electiic, and latei, positive The eaihest evidence of return to normal 
was noted seven weeks aftei the onset of the disease The letuin of 
the T wave to normal in the cases of patients who lecovered is of 
interest It is still believed by some that diphtheria is a cause of cardiac 
failure in latei life The foiegoing observations strongly suggest that 
the effect is entirely a tiansient one, and that theie is a restoration of 
normal myocardial function 

THE SIGNIFICANCE OF T WAVE INVERSION 

It is generally accepted that the initial portion of the ventricular 
complex, the QRS, is a composite picture of a spread of the wave of 
excitation thioughout both ventricles The period between the S and 
T which usually is at the base line indicates that the entire muscle of 
the heait is in a state of excitation and there foie there is no difference 
m electropotential between its vniious poitions There is still some 
difference of opinion, howevei, as to the exact mechanism of the 
T deflection The weight of evidence seems to indicate that the T is 
an electrical expression of the passing off of the excitation wave just 
as the QRS is a result of the spread of this process The 1 wa\e 
exists because all portions of the venti lculai muscle do not return to the 
resting electrical state unifoiml) and syncbronoush , thereby pioducmg 
differences in tbe potential and thus a deflection of the galvanometer 
stung Noimally, the T wave is upnght and this is explained on the 
basis that the apex of the left venti icle i etui ns to its resting state before 
the base of the right ventricle It would seem justifiable then to con- 
sidei an inverted T as an indication of an abnormal retieat of the 
excitation process m which the apical portions remain in a state of 
excitation longei than the base 

Experimentally, alteiations m the T w r ave have been produced in 
various ways, and many of these observations lend support to this con- 
ception of the mechanism of the T wave In frogs, Mines - has demon- 
strated that on local wanning of the apex the T, if inverted will become 
upright, while if it is positive it will become still more positive Smith 2 3 

2 Mines, J R On the Functional Analysis bv the Action of Electrolytes, 
J Physiol 46 188, 1913 

3 Smith, F M Further Observations on the T wave of the Electro- 
cardiogram of the Dog Following the Ligation of the Coronary Arteries, Arch 
Int Med 25 673 (June) 1920 
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has obseived that cooling the apex of the left ventricle of dogs with 
ethyl chloride spray results in mveision of the T, while the change was 
of a lessei degiee on cooling the middle antenor surface of the left 
ventricle Distuibance of the blood supply to the left ventricle by 
ligating the lamus descendens and circumflex arteues is followed shoitly 
by deep inversion of the T wave Smith interpieted his results aftei 
coronal y ligation and cooling of the apex as due to prolongation of the 
excitation at the apex which has been damaged by these pioceduies 
Hambuiger 4 and his associates have shown that T wave inversion 
occurs m dogs following expel imental embolism fiom injection of a 
suspension of Lycopodium spoies into the coronary cn dilation 

It is also well known that the introduction of certain substances 
affect the T wave In expei imental animals and in human beings, 
digitalis m sufficient dosage will flatten and invert the T wave 5 6 In 
dogs and cats, ethei naicosis may produce a sinnlai effect 0 Seveial 
observers have studied the effects of nerve stimulation on the form of 
the ventriculai complex In frogs, Samojloff 7 found on stimulation 
of the vagus neive, mveision of the T wave if it was positive, and if 
negative it became more strongly so Dale and Mines 8 noted that this 
type of alteiation was not constant and at times the T became more 
markedly positive, while at others, it w^as entnely unaffected by stimu- 
lation of the vagus neive When Emthoven 9 stimulated the vagus 
nerves of dogs sufficiently to pioduce maiked changes in the P wave and 
PR interval, he did not find any appreciable vanation in the T wave 
His obseivations suggest that in the mammalian heart nerve influences 
can play a minor pait in affecting the T wave 

In the electrocardiogi am of human beings, the T wave is found 
mveited noimally with consideiable frequency m lead 3 Alteiations of 
the T m leads 1 and 2 aie considered of definite significance, however, 
and theie is gieat doubt whethei such a condition ever occuis m the 

4 Hamburger, W W , Priest, W S , and Bettman, R B Experimental 
Coronary Embolism, Am J M Sc 171 168, 1926 

5 Cohn, A E , Fraser, F R, and Jamieson, R A The Influence of 
Digitalis on the T Wave of the Human Electrocardiogram, J Exper Med 
21 593, 1915 

6 Miller, H R , Felberbaum, D , and Ixrigel, H T Electrocardiographic 
Studies of the Effects of Ether upon the Living Cat's Normal Heart, Am J M 
Sc 169 516, 1925 

7 Samojloff, A Weitere Beitrage zur Electrophysiologie des Herzens, 
Arch f d ges Physiol 135 417, 1910 

8 Dale, D , and Mines, G R The Influence of Nerve Stimulation on the 
Electrocardiogram, J Physiol 46 319, 1913 

9 Emthoven, W, and Wiermga, J H Ungleichartige Vagusw irkungen 
auf das Herz, Electrocardiographisch untersucht, Arch f d ges Plnsiol 149 48, 
1912 



36 


ARCHIVES OF I to TERR A L MEDICI RE 


lionnal heait Lewis 10 stated that normally a negative T is never found 
in leads 1 and 2 In a recent book on electrocardiography, W eber 11 
said that the inversion of the T wave in the first two leads must always 
be considered pathologic Ferguson and O’Connell 1 - recently made an 
electiocardiogiapluc study of 1,812 midshipmen at the Naval Academy 
This material consisted of a group of healthy )Oung adults in whom 
cardiovascular pathologic processes had been excluded by the usual 
methods Theie were no recoids showing inversion of the T in lead 1 
In only eight cases, or less than 0 5 per cent of the total number, a 
negative, iso-electric or diphasic T-2 associated with a negative T-3 
was noted In view of the fact that only a poition of these cases were 
true inversions, and that a second iccord showed a return to normal, 
this repoit confirms the general conception that the inversion of T-l 
and T-2 is raiely if ever found in the absence of pathologic processes 
Furthermoie, one is strongly impressed with the almost constant associ- 
ation of the T wave inversion with serious caidiac disease The patho- 
logic conditions under which T wave changes are most frecpiently found 
are the chronic diseases of the myocardium associated \\ ith In pertension 
and coronary artery disease In the enlaiged heart in cases of h) per- 
tension, the T wave inversion is usualh associated with a left ventricular 
preponderance In disease of the coronary arteries, Pardee *' and 
Willius and Brown 11 found T alterations in fiom 60 to 70 per cent of 
the cases In chronic valvular disease, changes in the form of the 
ventncular complex occur with much less frequency From extensive 
statistical studies in all types of cardiac pathologic processes Willius 15 
demonstrated the serious prognostic significance associated v ith inversion 
of the T wave in the first two leads Compared with a control group, 
patients showing this abnormality had a much shorter life expectanc), 
approximately 60 per cent dying of heart failure within a \ear Changes 
of the T wave in the direction of negativity ha\c been noted with 
myxedema Fahr 10 and Thatchei and White 1_ described a low and 

10 Lewis, T Clinical Electrocardiograpin, cd 3, London, Shaw X. Compam, 
1924, p 36 

11 Weber, A Die Electrokardiographie, Berlin, Julius Springer, 1926, p 113 

12 Ferguson, D, and O’Connell, J T Cardio-Vascular Observations, U S 
Nav M Bull 24 860, 1926 

13 Pardee, H E B Heart Disease and Abnormal Electrocardiograms, Am 
J M Sc 169 270, 1925 

14 Willius, F A, and Brown, G E Coronarv Sclerosis, Am J M Sc 
168 165, 1924 

15 Willius, F A Electrocardiograpin and Prognosis, Arch Int Med 
30 434 (Oct ) 1922 

16 Fahr, G Myxedema Heart, J A M A. 84 345 (Jan 31) 1925 

17 Thacher, C, and White, P D Electrocardiograms in Mjxedema, Am J 
M Sc 171 61, 1926 
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slightly inveited T which inci eased in amplitude m the positive direc- 
tion after the administration of thyioid Wood and White 18 observed 
T wave inversion m uremia with high nitrogen retention, and they 
believe that this is due to a toxic effect on the heart muscle Electro- 
cai diographic studies have also been earned out m some of the infec- 
tious diseases The chief toxic effect obseived m these is pi obligation 
of the aunculoventncular conduction, seen most notably m cases of 
acute rheumatic fever , 10 but also m cases of influenza, pneumonia and 



Chart 13 — Electrocardiogram of cat 2, before the injection of diphtheria 
toxin 

typhoid fevei Rothschild, Sachs and Libman , 20 m a lecent leport, 
descnbed an abnormal ST poition of the ventriculai complex m rheu- 
matic fevei, but no significant changes m the T wave 

18 Wood, J E, and White, P D The Electrocardiogram m Uremia and 
Severe Chronic Nephritis with Nitrogen Retention, Am J M Sc 169 76 , 1925 

19 Cohn, A E, and Swift, H F Electrocardiographic Evidence of Myo- 
cardial Involvement m Rheumatic Fever, J E\per Med 39 1, 1924 

20 Rothschild, M A , Sachs, B, and Libman, E The Disturbances of the 
Cardiac Mechanism m Subacute Bacterial Endocarditis and Rheumatic Fever, 
Am Heart J 2 356, 1927 
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One may conclude fiom the foregoing physiologic and clinical obser- 
vations that (1) T wave inversion is probably an expression of an 
abnormal dying away of the excitation piocess and may lie produced 
experimentally by mjuiy to the myocardium, especially to the apex of the 
left ventncle, and that (2) this electrocardiogiaplnc abnormality is 
usually associated with cardiac pathologic piocesses of a serious nature 
The piesent observations during the penod of convalescence m cases of 
-diphthena suggest strongly that a bactenal toxin maj so affect the 



Chart 14 — Electrocardiogram of cat 2, showing widening of QRS and lmcr- 
sion of T in lead I, forty-eight hours after injection of diphtheria toxin 

passing off of excitation that a negative T wave results Thus it would 
seem justifiable to conclude that T wave inversion in addition to its 
previously accepted significance may also indicate an injury to the heart 
muscle by a bacterial toxin 

OBSERVATIONS ON EXPERIMENTAL DIPHTHERIA TOXEMIA 

An attempt was made further to confirm this by a study of the 
effects of diphtheria toxin in experimental animals In the course of 
an investigation on the problem of whether diphtheria toxin possessed 
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any special affinity foi the conducting tissue of the heait, Rohmei - l 
injected diphthena toxin into foui labbits In a bnef paiagiaph, he 
meiely stated that he did not find any evidence of dela} ed conduction 
He did not lefei to any othei changes This seems to be the onl\ 
pievious leport on the use of the stung galvanometei in the study of 
expei imeiitally pioduced diphthena 

Cats weie used m the piesent study, and diphthena toxin - was 
injected subcutaneously The dose of toxin vaned fiom 0 03 to 0 05 cc 



Chart 15 —Electrocardiogram of cat 3, before the injection of diphtheria toxin 

diluted to 2 5 cc m sterile saline The lecords weie taken with the 
animal under light ether anesthesia After a control record was taken 
and the toxm injected, subsequent readings were made at forty-eight 
hours and at varying intervals following this, if the animals remained 
alive All the animals exhibited definite evidence of intoxication The 
effect was usually noted on the second day following the injection The 


21 Rohmer (footnote 1, first reference) 

22 The toxm was supplied by Dr W P Larson of the Department of 
Bacteriology A minimum lethal dose equals 0 4 cc 
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animals became apathetic, moved about little and refused their food 
Only a small amount of anesthetic was necessary in taking the subse- 
quent readings as they offered but slight resistance A frequent obser- 
vation was weakness and stiffness of the hind legs This usually 

occurred on the second or third day 

Of ten satisfactory experiments, electrocardiographic changes were 
observed in eight after the injection of the toxin These may be sum- 



Chart 16— Electrocardiogram of cat 3, forU -eight hours after injection of 
diphtheria toxin showing inversion of T m lead I and left \entncular prepon- 
derance 

marized as follows Definite arihythmia did not occur Definite changes 
m the PR interval and QRS complex were present m but two cases 
In one animal, six hours before death, the record showed a PR interval 
of 0 12 second, where it had previously been 0 06 second At the same 
time, the QRS had markedly increased in amplitude and had widened 
from 0 02 to 0 06 seconds The tracing was of a type indicating a 
bundle branch block In another instance a similar record, but with 
changes of lesser degree, was noted at forty-eight hours The most 
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constant and striking alterations were m the T wave Theie was definite 
flattening and invasion of the T wave in one or moie leads m all cases, 
as early as forty-eight hours following the injection of the toxin The 
change was present in lead 1 alone, m thiee cats, and m leads 1 and 2 
m one animal In the lemaming foui, the invasion was present in 
leads 2 and 3 In two cats m whom it was possible to follow lesults 
for seven and ten days, a tendency foi leturn of the T to noimal 
appeared between the third and sixth day in one instance, and between 



Chart 17 — Electrocardiogram of cat 3, showing partial return to normal of 
T in lead I, four days after chart 16 

the fifth and eighth day m the othei In addition, m two animals there 
was a definite change in ventricular preponderance, both within forty- 
eight hours, following the injection of toxin In both cases a definite 
left ventricular pi eponderance developed 

Similar rapid changes m preponderance are reported by McCulloch 23 
and Marvin 24 m their clinical cases In one case, a definite flaccid 
paralysis of the hind extremities was pi esent on the tenth day, when the 


23 McCulloch (footnote 1, second reference) 

24 Marvin (footnote 1, fourth reference) 
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electrocardiographic changes were returning to normal This is of 
interest since clinically diphtheritic paialysis and circulatory failure are 
often associated, and attempts have been made to explain both on a 
neivous mechanism This expenment shows paialysis occurring at a 
time when there is evidence of recoveiy in the heart 

COMMENT 

^Electiocaidiogiaphic observations cairied out on a series of patients 
with diphthena dunng convalescence, and on cats given diphtheria 
toxin, show evidence of a definite damage to the myocardium These 
obseivations have some theoietical and practical application First, 
they have a beaiing on the question of the mechanism of the circu- 
latory failuie in diphthena Vanous investigators have noted a pro- 
giessive diop in blood piessuie ending in death after the production ot 
diphtheria toxemia in animals As already mentioned, there is a differ- 
ence of opinion as to whether the seat of circulator} insufficiency lies 
in the heart or in the vasomotoi appaiatus 

In 1899, Rombeig and his associates-* carried out an extensive 
series of experiments on the circulatoiy mechanism in infections 
Following this it was generally accepted that diphtheria toxin produces 
a paialysis of the vasomotor center with loss of vasomotoi conti ol of 
the artenes, allowing them to relax so that the cn dilation fails The 
obseivations of MacCallum, 20 using different expci imental methods, 
seemed to confirm Romberg’s conclusions Poitei and Piatt, 27 on the 
other hand, concluded that the vasomotor centei was unimpaiied b} 
diphtheria toxin Pathologists, pointing out the extensive degeneratne 
changes which may occui in the heait in diphthena, insist that the 
myocardial weakness is the essential factoi in the cnculatoiy failuie 
In a recent repoit, Warthm - 8 piesented an excellent review of the 
entue subject including a pathologic study of the heait in a group of 
cases He concluded that the myocardium shows a chaiactenstic patho- 
logic picture m diphtheria and that the essential lesion is a “toxic 
parenchymatous hyaline degeneiation 01 neciosis fiequentlv associated 
with fatty degenerative infiltiation and less fiequcntly with cloudy 

25 Romberg, E , Passler, H , Bruhns, C , and Muller, W Untcrsucluingcn 
uber die allgemeine Pathologic tind Therapic dcr Krcislaufstorung bei acuten 
Infectionskrankheiten, Deutsches Arch f klm Med 64 652, 1899 

26 MacCallum, W G The Mechanism of Circulator} Failure in Diphtheria, 
Am J M Sc 147 37, 1914 

27 Porter, W T , and Pratt, J H The State of the Vasomotor Centre in 
Diphtheria Intoxication, Am J Ph}siol 33 431, 1914 

28 Warthm, A S The Myocardial Lesions of Diphtheria, J Infect Dis 
35 32, 1924 
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swelling or simple necrosis ” In a study of nineteen cases Loth 25 was 
unable to demonstrate any specific myocardial lesion and stated that the 
changes observed were merely cloudy swelling or fat infiltration such a« 
occurs m other acute infections MacCallum 30 does not behe\ e that 
the structural changes observed impair the function of the heart suf- 
ficiently to explain the disturbances m circulation There are other 
observers also who maintain that the pathologic conditions in the heart 
do not offer convincing evidence of the cause of death One maj con- 
clude therefore, that although pathologic studies favor the m) ocardial 
theory they do not permit a final conclusion as to the exact part pla\ ed 
b\ the heart muscle This is not surprising in view' of the fact that it 
is difficult with the present knowledge to correlate disturbances m 
myocardial function with structural changes m the heart The electro- 
cardiographic changes noted by Smith, 31 McCulloch 32 and Marvin ~ 3 
during the acute stages, and those described m the present report during 
convalescence, are of a t}pe which is usually found associated with 
serious cardiac disease m w'hich myocardial function is definitely 
impaired It would not be possible to explain these significant electro- 
cardiographic changes by any vasomotor mechanism These obser- 
\ations therefore offer additional evidence in favor of a myocardial 
basis for tbe circulatory failure in diphtheria 

Another of the various theories for the sudden collapse during the 
period of convalescence in cases of diphtheria is that it is due to a toxic 
injury of the vagus nerve This has been suggested because of the 
well-knowm fact that diphtheria toxin has a special affinity for nerve 
tissue, and also for the reason that the circulator}' collapse occurs most 
frequently m cases showing signs of nerve disturbance It w ill be noted 
that six of the seven cases showed some evidence of involvement of the 
nenes In most instances, this was mild in character and did not seem 
to bear any relationship to the extent of myocardial damage Case 1, 
for example with evidence of severe injury to the nerve ended with 
recover}', w'hile case 2 with mild neurologic S}mptoms, terminated m 
death Furthermore in the entire group of fifteen cases there were 
several m which there was definite paral}sis of the soft palate m which 
the electrocardiograms were normal It is also of some significance that 
there was no correspondence m time of onset of the electrocardiographic 
change and the evidence of nerve disturbance Case 6, which showed 

29 Loth, M The Heart in Diphtheria Arch Int Med 31 ’637 fMaj ) 1923. 

30 MacCallum W G A Text-Book of Pathology. Philadelphia W B_ 
Saunders Company 1924 p 465 

31 Smith ( footnote 1 third reference) 

32 McCulloch ( footnote 1 second reference) 

33 Man in (footnote 1, fourth reference) 
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inversion of the T on November 29, first gave evidence of return to 
normal on January 7 with a flat iso-electiic T wave, at a time when the 
neuiologic signs were most marked Similarly case 7 began to show 
evidence of involvement of the nerve after the T wave had become 
upright A similar condition occuired in one of the animals that 
developed a definite flaccid paralysis of the hind extremities on the tenth 
day when the electi ocardiograpluc changes ■were returning to normal 
As already mentioned, T inversion has been experimentally pioduced 
m some animals by stimulation of the vagus neive, although Einthoven’s 
observations on dogs indicate that such an effect is extiemely unlikely 
in the human heart In an attempt to ascertain whether stimulation of 
the vagus nerve could be playing any pait in the T inversion, cases 6 
and 7 were studied aftei the injection of atropine sulphate This was 
done at a time when the T wave inversion was definite Atropine 
sulphate, 0 002, was injected subcutaneously, and several tracings v r ere 
taken at intervals of ten minutes following the injection Although 
theie was marked dryness of the mouth and increased pulse rate, no 
change was noted in the amplitude of the T These observations sug- 
gest that neither the cn dilatory disturbance nor the electrocardiographic 
alterations can be explained on the basis of a nerve injury by diphtheria 
toxin 

Among those who accept the presence of a myocardial injury in 
diphtheria theie is still a difference of opinion as to the duiation of 
this involvement and its later significance For example, Sclvw ensen 34 
considers diphtheria as an important cause of chronic cardiac disease 
later in life McCulloch, 35 m his conclusions, stated that “myocarditis 
due to diphtheria has a definite position among the factors that lead to 
chronic heart failure later in life’’ On the other hand, Place 30 said 
that he has never found evidence of fibrous imocarditis following 
diphtheria The return of the T wave to nonnal m the cases of this 
group in which recovery occurred suggested a restoration of the myo- 
cardium to a normal state The indications are, therefore, that the 
toxic effect is a transient one and that it is improbable that diphtheria 
is a factor in chronic disease of the myocardium In case 6, m which 
examination was made six and one-half months after the onset, the 
physical condition of the heart and the vital capacity of the lungs, were 
normal, as was the electrocardiogiam, and there was no evidence of 
dilatation in a roentgenogram of the heart made at a distance of 6 feet 

34 Schwensen, C The Heart Rhythm m Diphtheria, J Infect Dis 30 279, 
1922 

35 McCulloch (footnote 1, second reference) 

36 Place, E H Oxford Medicine, vol 5, p 14S 
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PRACTICAL APPLICATIONS 

Although it is generally agreed that involvement of the circulation 
following diphthei la is of serious impoit, there is no accurate clinical 
method for detecting its presence The late circulatory collapse may 
come on without warning The physical examination usually gives no 
hint of the presence of a serious condition and blood piessuie studies 
do not offer any assistance Rolleston, 37 for instance, stated that blood 
pressure readings aie of little piactical value The present study of 
the seven patients showing positive electrocardiogiaphic evidence reveals 
no reliable clinical signs or symptoms by which myocardial involvement 
may have been suspected It is true that an irritability of the heart 
existed, but this is a frequent occurrence m a variety of conditions and 
is of no value as an indication of myocardial injury In the physical 
examination in several instances, there was a transient occurrence of 
extra systoles and alteiations in tone with gallop rhythm Neither of 
these is diagnostic of myocardial damage Some degree of dilatation 
of the heart is undoubtedly present, and this has been shown by the 
loentgen-ray studies of Dieteln 38 and Domer 39 The degree of dila- 
tation, however, is such that it would be lather difficult of recognition 
by the oidmary clinical methods There was no evidence of gross 
dilatation in any of the seven cases Furthermore, when myocardial 
involvement is suspected, there is no means of knowing the duration of 
such involvement This is of considerable importance From a large 
expei lence m contagious diseases, Place 30 emphasizes the value of suf- 
ficient absolute rest until the evidence of involvement of the heart 
muscle has disappeared He stated that in his experience, late death 
does not occur if the patient is kept at rest for a suitable period It 
would seem justifiable, therefore, whenevei it is possible to make an 
electrocardiographic study of the patient with diphtheria during the 
convalescent period If inversion of the T wave is found, extreme 
restriction should be earned out until there is a restoration of the normal 
upright T wave 

CONCLUSIONS 

1 In fifteen severe and moderately severe cases of diphthei la 
approximately 50 per cent of the patients showed inversion of the 
T wave in significant leads during convalescence 

2 Two patients showing inversion of the T died suddenly 

37 Rolleston, J D Acute Infectious Diseases, Xew York, Phys & Surg 
Book Company, 1925, p 30 

38 Dieteln, H Ueber Herzdilatation bei Diphthene, Munchen med Wchn- 
schr 52 683, 1905 

39 Dorner, J Clinical Studies in the Pathology and Treatment of Diphtheria, 
Jena, Gustav Fischer, 1918, p 136 
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3 In the patients that recoveied, the inverted T wave letuined to 
normal as early as seven weeks aftei the onset of the disease 

4 Cats injected with sublethal doses of diphtheria toxin showed 
consistently similar T wave alterations, usually within foity-eight hours 

5 These observations support the myocardial theory of the circula- 
tory failure m diphtheria 

6 Electrocardiogiaphic studies are of piactical value m diphthena 
dunng the period of convalescence, to ascertain both the presence of 
mjocaidial involvement and its duiation 

ADDENDUM 

Since the writing of this paper, the following case has come under 
observation 

E M, a man, aged 37, was admitted to the General Hospital on Nov 2, 1927, 
with the following complaints marked weakness, difficulty in swallowing, dis- 
turbance m speech, diplopha and numbness o\er the entire bod\ About three 
weeks before admission the patient noticed weakness of his tipper and lower 
extremities accompanied b\ a feeling of numbness He also noticed that his -vision 
became blurred About two weeks before entering the hospital, he was forced to 
discontinue his work because of inability to walk At this time lie began baling 
difficulty in swallowing so that he choked on eating solid food and liquids fre- 
quently regurgitated through the nose At present lie is unable to swallow anj- 
thing unless he is m the upright position He is unable to speak clcarh , and there 
is a nasal quality to the voice He has also noted that m washing lus face, he 
cannot distinguish between warm and cold water 

Physical examination showed marked evidence of poh neuritis There was 
inability to converge with the eves and inconstant diplopia m looking at far 
objects The soft palate did not show am response to touch Liquids regurgitated 
through the nose In addition, there was a marked muscular weakness m all the 
extremities with an absence of tendon reflexes There was no response to plantar 
stimulation, and position sense was absent in the extremities Diagnosis bv a 
neurologic consultant was that of advanced polv neuritis, probablv due to diph- 
theria On further questioning, the patient gave a historv of having suffered a 
severe sore throat about four weeks previous to the onset of the present svmp- 
toms He had consulted a phvsiciau, who lnd painted his throat daily His left 
tonsil was also incised but pus was not obtained He did not stop lus work during 
the entire period, and was not given antitoxin, as a diagnosis of diphtheria was 
not made As myocardial involvement is so frcquentlv associated with diphtheritic 
neuritis, an electrocardiogram was taken which showed definite inversion of the 
T wave in lead 1 and a left ventricular preponderance This was repeated, and 
showed the same changes The patient s condition remained about the same until 
November 11, nine days after admission, when he seemed weaker, became short 
of breath, and rales were heard m the chest Two da>s later, Ins pulse rate 
increased to 124, respiration to 42, and he was dyspneic Five hours later, examina- 
tion reavealed a pulse rate of 142, respiration, 42, and the heart sounds were fetal 
in character One hour later, he was found dead in bed 



BASAL METABOLISM 


III INFLUENCE OF WORK WITH SPECIAL REFERENCE TO THE 

THYROID GLAND * 

JAMES H SMITH, MD 

RICHMOND, VA 

The use in metabolism due to work is well known 1 Boothby and 
Sandiford 2 found that patients with exophthalmic goiter and adenoma- 
tous goiter with hypei thyroidism require nearly twice as much energy 
foi a given piece of work as do normal persons or even patients with 
other diseases A companson of the basal metabolism and the metab- 
olism as influenced by work m a series of fifty subjects is heiem 
repoi ted 

MATERIAL AND TECHNIC 

The subjects were of three mam groups (a) normal persons (pupil nurses), 
thirteen, (b) patients clinically considered subjects of exophthalmic goiter or toxic 
adenoma, fifteen, and (c) other patients, twenty-two 

The basal metabolic rate is determined by indirect calorimetry, measuring 
the consumption of oxygen The apparatus is provided with a drum which 
revolves m eight minutes During the first five minutes, the technic does not 
vary from the routine except that explanation is first made of what the subject 
is asked to do during the last three minutes, and the rope handles to be 
described he within his easy grasp, adjusted to his arms’ length 

The effect of work is determined during the last three minutes, during which 
the subject lifts a weight equivalent to one-twelfth the body weight The load 
is imposed by placing scales at the foot of the bed, putting on the scales ample 
weight of indifferent material in a box, balancing the scales, then setting back on 
the scale bar the “runner” a distance equivalent to one-twelfth the subject’s 
weight Attached to the weighted box and passing over the foot of the bed are 
two ropes with handles At the end of five minutes, the subject is asked to 
make traction on the ropes just sufficient to maintain the scales in balance with 
the runner adjusted as described The results are shown in the table 

Before considering the relation of the basal rate to the work rate, 
I shall refer to six cases (14, 16, 30, 36, 37 and 40) m which there 
was incomplete agreement between the basal rate and part of the clinical 
or pathologic evidence In case 14, the pathologic report of mild toxicity 
was not supported by other evidence In cases 16, 37 and 40, the 
patients are believed to have shown lower basal rates than they would 
have done except for previous recent tieatment by the roentgen-ray, 
compound solution of iodine or both The patient m case 30 had 

From the Medical Service of St Luke’s Hospital 

1 Lusk, G Science of Nutrition, Philadelphia, 1923, p 310 

2 Boothby, W M, and Sandiford, I Basal Metabolism, Physiol Rev 4 95, 
1924 



Data Relating to Subjects Included in the Study 
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In thcfac cases tlicro w is incomplete agreement between the basal rate incl pirt of the clinical or pathologic ee idence 
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pulmonary tuberculosis, was an inmate of a psychiatric institution and 
the single rate determination is not believed to he truly basal In 
case 36, the patient had diabetes mellitus and an adenomatous thyroid 
gland believed to he nontoxic 3 

The comparison between the basal rate and the rate induced by 
the load is best seen m the chart 

In plotting the chait, the basal rate is scaled on the base line and 
the rise m rate on a vertical line It is to he noted that the difference 
between the basal rate and the work rate is plotted and not the percentage 
of the patient’s normal to which the late rose The field is arbitrarily 
divided by heavy lines at plus 20 on the basal rate scale and, 20 per 
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Chart showing comparison between the basal rate and the rate induced b> the 
load The basal rate is scaled on the base line and the rise in rate on the 
vertical line The dark squares indicate results for patients with exophthalmic 
goiter or toxic adenoma, the light squares indicate results for other subjects 

cent use on the work scale Examination of the chart icveals a marked 
tendency fot subjects with a basal rate of less than + 20 to show a 
rise under the load of less than 20 per cent of the subject’s normal 
basal rate, and for those with a basal rate above -J- 20 to show a rise 
of more than 20 per cent Of those conforming to the rule, there 
was only one subject with toxic goiter in the formei group (southwest 
field), and all of the patients had toxic goiter in the latter (northeast 
field) group The exceptions may be divided into two groups 

3 As determined by test reported Nov 29, 1927 basal rate +27, rate with 
load + 42, difference 15 , pulse rate 80, 76 and 80 and temperature 99 F 
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(a) those showing a basal rate of less than + 20, but a rise of more 
than 20 per cent (cases 2, 6, 16, 35, 36 and 40, marked A m the table) 
and ( b ) those showing a basal rate of moie than + 20, but a use of 
less than 20 per cent (cases 23, 30 and 32, marked B m the table) 

Cases 16, 36 and 40 have been discussed The patient in case 2, a 
“healthy” pupil nurse, had had diphtheria a year previous to the present 
illness, the throat had been troublesome since, and tonsillectomy was 
performed eight weeks after date of the test In the patient m case 
6, a “healthy” pupil nurse, active pulmonary tuberculosis was recognized 
six months after the test The patient in case 35 had undergone the 
prolonged illness and death of her husband, a physician, and failure of 
economic efforts as keeper of a boarding-house, and had tachycardia 
and chronically infected tonsils 

Case 30 has been discussed The patient m case 23 was selected 
as a nonbasal subject The patient m case 32 had tuberculosis of the 
thyroid gland with many giant cells and an absence of typical thyroid 
hyperplasia 

The various modifying circumstances are not accorded great weight, 
since it is realized that their exact importance is unknown They are 
mentioned, rather, as tending to justify the positive and negative con- 
clusions regarding toxicity of the thyroid gland as shown in the chart 

COMMENT 

It is not likely that determination of the basal rate as modified b> 
work will find any wide usefulness as a diagnostic criterion The 
limited data presented do not suggest that an abnormal rise due to 
work over a normal basal rate is specifically related to hypei function 
of the thyroid gland Further investigation may establish the following 
tendencies 

A normal or borderline (+15 to +25) rate rising abnormally 
under woik may, in the individual subject, indicate that the th>roid 
gland pathologically is toxic, the rate being temporarily depressed undei 
the influence of treatment 

A high basal rate not rising in the degree usuall) associated with 
toxic goiter may indicate that the increased basal rate is not due to 
a pathologic thyroid gland or is not truly basal 

Aside from the influence of previous treatment, the series contains 
several borderline basal rates with a normal rise (cases 4, 8, 13, 23 
and 25), but none of the cases was concluded to be toxic goiter, though 
the thyroid was diseased in two cases (38 and 32) 

The subjects with subnormal basal rates appeared to respond to 
work with a rise as great or greater than those with basal rates betw een 
— 10 and + 15 This agrees with the observations of Boothby and 
Sandiford 
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In this series, the exlianoimal cost of woik of subjects with toxic 
goiter does not bear a constant latio to their basal metabolic rate 
further than that it may be said the cost of woik is highei than normal 
The average rise of rate m subjects with toxic goiter with basal 
rates above -j- 20 (12 cases) was 36 9 per cent, van mg between 22 
and 64 per cent 

The aveiage rise in all others, including patients with toxic goiter 
with basal lates depiessed by ptevious tieatment (3S cases), was 
14 1 pei cent 

SIMM 

In fifty subjects the basal metabolic rate w r us determined followed 
by a determination of the rate as influenced In imposing a load of 
one-tw'elfth the subject’s bod} weight All subjects with toxic goiter 
and with abnoimally high basal rates (twelve) showed an increase in 
rate undei the load tailing from 22 to 64 pei cent of the subject's 
normal basal late, and avei aging 36 9 pei cent 1 he average of tlni fr- 
eight other cases w r as 14 1 per cent 

Tw'o of the three subjects with toxic goiter and with basal rates 
undei plus 20 who w'ere taking compound solution of iodine showed 
a rise undei the load suggestive of the tlnroid In perfunctional stale, 
one did not show any use above the noimal of 20 per cent 

In three cases m wdnch the basal rates weie above plus 20 and 
m w r hich there w f as no use above 20 per cent, none of the patients 
w r as found to have toxic goiter 

Of the subjects wnth borderline basal iates not showing a rise 
of moie than 20 pei cent, onh the tw r o patients taking compound 
solution of iodine w r ere found to have toxic goiter 

No latio appealed to exist between the increased basal rate of 
subjects wnth toxic thyroid and then abnormal i espouse to work further 
than that the cost of W’ork is higher than normal 

An increased response to w r oi k did not appear to be a specific 
thyroid toxic phenomenon 

CONCLUSION' 

Conclusions cannot be drawm from the limited data, but it is sug- 
gested that fui ther investigation, possibh wnth improved technic may 
demonstrate that the measuied cost of woik mar be of aid in the 
diagnosis of toxic thyioid states m a limited numbei of cases in wduch 
the other data are confusing 

My thanks are due Miss Katie Gilliam, technician, for painstaking work in 
the rate determinations 



TOLERANCE FOR QUININE IN EXOPHTHALMIC 

GOITER 


ISRAEL BRAM, MD 

PHILADELPHIA 

About a decade ago, I began making obseivations on patients with 
exophthalmic goiter to determine their degree of toleiance to the inges- 
tion of quinine Part of the deductions derived were published in the 
nature of a description of the quinine test 1 for patients with exoph- 
thalmic goiter Up to December, 1927, tolerance for quinine was studied 
m 500 patients Following my preliminary reports, others made similar 
observations Among those, Sainton and Schulman 2 3 arrived at negative 
conclusions, but their data were based on only ten cases Pfahleig on 
the other hand, found the quinine test extremely useful 

THE QUININE TEST AND RESULTS Or USE Or THIS DRUG 

The technic of the test consists in giving the patient a dozen capsules 
each containing 10 grains (0 65 Gm ) of quinine hydrobronnde or 
quinine sulphate, with instructions to take a capsule four times a da) 
When 20 or 30 grams (13 or 19 Gm ) have been taken by persons 
in whom the thyroid function is normal or deficient, symptoms of 
cmchonism develop A sense of fulness m the head, impaired hearing 
with tinnitus, occasional dizziness and headache and less frequenth 
gastric and bladder discomfort are experienced If, however, the person 
is suffering with exophthalmic goiter, 4 the daily administration of 
30 grams of quinine may be continued with impunity foi months, and 
often distinct improvement is seen in the clinical picture 

The advantages of the quinine test in exophthalmic goiter aie its 
simplicity, its harmlessness and its dependability The fiequency of 
error is 4 4 per cent in the experiences derived fiom this senes 

Unusual Tolei ance to Quinine — In the 95 6 per cent of patients m 
whom the quinine test was positive, there was unusual tolerance to the 

1 Bram, I Quinine Test, M Rec 98 887, 1520, Quinine Test, Second 
Report, New York M J 118 339, 1923 

2 Sainton, P, and Schulman, E Value of Bram Quinine Test in the 
Diagnosis of Exophthalmic Goiter (Sur la valeur du test de Bram a la quinine 
comme moyen de diagnostic du goitre exophthalmique), Bull et mem Soc med d 
hop de Paris 45 1304, 1921 

3 Pfahler, G E The Treatment of Hyperth} roidism bj Radiation, M Clin 
N Amer 5 854, 1921 

4 The quinine test was found useful in the confirmation of hyperth\roidism 
with adenomatous goiter, but the percentage of error was somewhat greater than it 
was m cases of exophthalmic goiter 
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ingestion of quinine The table indicates the degiee of insusceptibility 
to cinchonism m the senes of patients obseived It will be noted that 
m some cases doses as high as 30 giains Aveie taken tlnee times a day 
foi weeks, without untowaid efiects In at least 60 pei cent of these 
patients in whom the leaction to quinine was positive matenal amehoia- 
tion of symptoms was observed Men seemed able to take laigei doses 
than women Within two oi tlnee weeks an uiciease in weight occuried 
m many patients, a lessening of excitability and tremor, i eduction in 
thyroid swelling and exophthalmos, maiked lowering of the heart rate 
and a consideiable reduction m the basal metabolic rate 

Quinine in Treatment — In mail} patients the theiapeutic effect of 
quinine seems to i esemble the remission-pi oduemg l esults of the admin- 
lstiation of iodine, with this clinical diffeience Iodine cannot be given 
foi moie than two oi tlnee weeks without dangei of aggravating the 

Tolciancc foi Quinine in : i00 Cate; of Exophthalmic Goitri 


Quinine-Negative 

Patients intolerant to quinine 6 (12%) 

Patients tolerating 15 grains (09 Gm ) daih 16 (3 2%) 

Qumine-Positne 

Patients tolerating 30 grains (19 Gm) daih 15S (316%) 

Patients tolerating 40 grains (2 6 Gm ) daih 104 (208%) 

Patients tolerating 60 grains (39 Gm ) daih 94 (1S8%) 

Patients tolerating 80 grams (5 2 Gm) daiij 68 (13 6%) 

Patients tolerating 90 grains (5 8 Gm ) daih 54 (10S%) 


Total 500 


symptoms of exophthalmic goitci Moreovei, iodine always inci eases 
the thyioid swelling by increasing the colloid content of the organ 
Quinine can be gnen for months, without haim, to patients in whom 
the test is positne, and its effect on the thjroid gland is that ol marked 
l eduction in size 

It must not be constiued, how'evei, that quinine, whatevei its a nines, 
is the main factoi in the tieatment of patients w r ith exophthalmic goitei 
A mere drug cannot be depended on foi the cuie of this disease 
Quinine, howevei, the basis of the Foichheimer tieatment, may be 
legarded as a valuable constituent m the ai mamentarium of the expen- 
enced internist wdio has sufficient confidence m himself to tieat 
successfully patients with exophthalmic goitei without lesoiting to an 
opei ation 

Intolerance foi Quinine — In six patients maiked ldiosMicras} to 
quinine Avas obseived In font, this Avas heralded In eiAthematous 
aieas on the skin with subdermal SAvelhngs, Avhich soon developed into 
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definite dermatitis with extreme itching and a moderate rise in tempera- 
ture W ithin a week or ten days desquamation closelv resembling 
that occurring during convalescence from scarlet fe\ er took place The 
readmmistration of as small a dose as 1 or 2 grains ( 0 06 or 0 1 Gm ) 
daily tor a day or two resulted m the prompt reappearance of untovard 
effects 

Relative Intolerance jor Quinine as an Index to Recover \ — When 
the basal metabolic rate has become normal and all the signs and symp- 
toms of the disease have disappeared the patient formerly capable of 
taking from 30 to 90 grains (1 9 to 5 S Gm ) of qumme daily complains 
of a sense of fulness and roaring in the head some deafness and at 
times dizziness The reduction of the dosage even to 15 grains (0 9 
Gm ) a day may still elicit evidences of cmchonism An occasional 
patient may appear well and still possess a relative immunity to cmcho- 
msm in such instances there appears to be susceptibility to relapse 
indicating the need for further treatment When however a patient 
formerly not susceptible to cmchomsm almost abruptly begins to com- 
plain of tinnitus and allied symptoms and when this cannot be traced 
to other causes studies on the basal metabolism v.ill indicate that 
recovery is at hand, and that the patient is ready to resume his or her 
customary activities 

CONCLUSIONS 

1 In 95 6 per cent of patients with exophthalmic goiter a relative 
immunity to cmchonism exists, large doses of qumme may be taken 
with impunity and even with benefit 

2 This is the basis of the qumme diagnostic test for exophthalmic 
goiter v.hich is submitted as an asset m the differentiation of this disease 
from such conditions as effort syndrome early tuberculosis neurasthenia 
and other conditions commonly confused with exophthalmic goiter 

3 In the form of the hydrobromide or the sulphate quinine is a 
valuable constituent of the therapeutic armamentarium oi the internist 
who treats patients with exophthalmic goiter and should be given m 
the average case m much larger doses than has been the custom 



EXPERIMENTAL HYPOTENSION IN RABBITS - 
THEODORE L SQUIER, MD 

AM) 

CATHERINE T BACH 

Mii\\At/Kri: 

The pievalence of loweied blood piessuie m chionic infections 
caused us to feel that some of the micio-organisms present in such 
infections might have pioperties which lovei the blood pressure Ihe 
experiments reported weie undertaken with this possibility in mind 

MATERIAL AND METHOD 

Rabbits were used exclusivelv in the experiments Svstolic blood pressures 
were determined in the central arter\ of the ear according to tiic method described 
bj Anderson 1 With Ins apparatus, the obliteration of the central arterj was 
observed through a rubber membrane With our apparatus, the rabbit’s ear 
rested oil a rubber diaphragm covering a pressure cup and a glass plate was 
adjusted over the car so that it just cleared the surface without exerting pres- 
sure Thus observations were made through glass instead of through a rubber 
diaphragm A detailed description of the apparatus is given elsewhere 2 The 
mean of a series of five consccutne readings was recorded as the pressure, and 
with rare exceptions the variation of separate readings was not o\cr a few milli- 
meters of mercury Care was taken at all times to prevent flight or excitement 
in the animal, and approxunateh the same portion of the central artcrv was 
used for all readings 

After prchminarv observations of the blood pressure, rabbits were inoculated 
with twentv-four hour dextrose brain broth cultures of the composite bacterial 
flora from the apex of a tooth a tonsil or prostatic secretion Iceth were 
extracted with precautions to avoid contamination, the apexes snipped into sterile 
Locke’s solution and shaken with sand as described bv Haden 5 Material was 
squeezed from tonsils with a sterile throat mirror After thorough cleansing of 
the parts, prostatic fluid was expressed into a sterile Petri dish Deep tubes of 
dextrose brain broth were used for cultures in accordance with Rosenow’s 
technic 1 Rabbits were usuallj inoculated in groups one or more were given 
intravenously 2 5 cc of a twentv-four hour culture per kilogrun of bodv weight, 
while the others were inoculated in each knee joint with 0 5 cc of the same 
culture Two rabbits of the scries were inoculated m the mcdullarv cavitv of 
the tibia The tibia was exposed under urethane anesthesia, a hole drilled 

* From the Department of Preventive Medicine, A O Smith Corporation 

1 Anderson, H C Demonstration of an Instrument for Taking Repeated 
Blood Pressures in Rabbits, with Report of Some Experiments, Proc Soc Expcr 
Biol & Med 20 295 (Feb ) 1923 

2 Squier, Theodore L Simple Apparatus for Repeated Blood Pressure 
Determinations in Rabbits, J Lab &. Clin Med 13 279 (Dec) 1927 

3 Haden, Russell L Elective Localization in the Eve of Bacteria from 
Infected Teeth, Arch Int Med 32 828 (Dec ) 1923 

4 Rosenow, E C Studies on Elective Localization, Focal Infection with 
Special Reference to Oral Sepsis, J Dent Research 1 205 (Sept ) 1919 
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through the cortex with a dental drill and a small pledget of cotton which 
was saturated with a twenty -four hour culture inserted into the bone marrow 
caxitx The opening was then plugged with a sterile wooden plug, and the 
incision was sutured It was felt that the inoculations into the knee joint and 
bone marrow would simulate the conditions present in chronic infections 


Table 1 — Results of Inoculation with Cultmcs from Poisons tc-i tit 
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* In the tables, the letters A, T, or P following culture number designate tooth ape\, tonsil 
and prostate, respectivelv Knee joint, intravenous, and bone m arrow inoculations are desig- 
nated K J , I Y, and B XT, respectivelv All rabbits were killed on the dav indicated m the 
column headed “davs observed after inoculation’ except those marked with an asterisk, these 
died 


RESULTS 

To be reasonably certain that a drop m blood pressure was of 
significance the extent of fluctuation m the blood pressure m untreated, 
supposedly normal rabbits xxas determined Fixe hundred and fortx-six 
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determinations of aveiage blood pressuie (2,730 separate readings) 
weie made on eighty-two normal labbits The mean piessure for the 
group of eighty-two as detei mined in the central artery of the ear was 
62 5 ± 5 0 mm of mercuiy The slandaid deviation of the pressure 
was 7 4 mm , and the coefficient of vanation was 119 per cent It is of 
interest that the lattei approximates the coefficient of variation of 
8 8 to 114 per cent found by Alvaiez c foi human blood pressure 
The deviation of individual leadings from the mean in no instance 
exceeded foui times the standard deviation, and in only nine instances 
was it more than three times the standard deviation Consequently, we 



Chart 1 — Blood pressure cur\cs of rabbits inoculated with twenh-four hour 
dextrose brain broth culture of the apex of a tooth from a person with low 
blood pressure The hollow circle and dash line represent the effect on blood 
pressure of inoculations into the knee joints of rabbit 34, and the black circle 
and continuous line represent inoculations into the bone mariow of rabbit 33 
The heavy A'ertical line indicates the tunc of inoculation 


consideied a fall in blood piessuie to 32 9 mm (62 5 minus four limes 
the standaid deviation 7 4) to be of significance In the accompanying 
tables, the numbei of blood piessuie leadings falling belotv 32 9 mm 
is lecorded foi each labbit and the numbei falling below 40 1 mm is 

5 Alvarez, Walter C Blood Pressure in Fifteen Thousand Unnersiti 
Freshmen, Arch Int Med 32 17 (Jul) ) 1923 
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also shown The latter figure repiesents a fall m blood pressiue 
greater than three times the standard deviation 

Foity-four rabbits were inoculated with sixteen different cultuies 
obtained from persons with a systolic blood pressure under 110 mm In 
sixteen of these rabbits (36 8 pei cent) the blood pressuie subsequently 
fell to 32 9 mm or less, while m twent) -three (52 2 per cent) it fell 
to 401 mm or less Of the sixteen cultuies used, nine pioduced a 
significant drop in blood pressure m one oi more rabbits (table 1) 

A significant drop m blood pressure was observed m all labbits 
inoculated with four cultures, and with the other five cultuies a signifi- 



Chart 2 — Blood pressure curves of rabbits inoculated intrai enoush v nil 
twenty-four hour dextrose brain broth culture ot the apex of a tooth from a 
person with low blood pressure The hollow cune and dash line represent the 
reaction in rabbit 54, and the black circle and continuous line, the reaction in 
rabbit 33 The heavy vertical line represents the time of inoculation 

cant diop was observed m one ot mote of each gioup Theie vas a 
definite tendency towaid uniform lesults in labbits inoculated m the 
same manner with a given culture Each of two labbits was inoculated 
m the knee joints with cultuies 1203A, 10/0A and /29T, and there 
was a significant drop in all, while, with one exception, labbits inocu- 
lated inti avenously with the same cultures did not show any significant 
fall m blood piessuie One rabbit each inoculated mti avenously with 
cultuies 729 A and 246A showed a significant lowering of blood pressuie 
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Tabia 2 — Results of Inoculation until Bactcnal Cultuics fi out Pci sons 
until High Blood Picssuic 
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while a change m pressure did not occur m the rabbits inoculated m the 
knee joints with the same cultures 

The blood pressure curves shown m charts 1 and 2 aie tipical 
examples of the reaction observed The results are shown when one 
rabbit was inoculated m the knee joints and the other in the bone 
marrow cavity of the tibia (chart 1) Chart 2 shows the pressure when 
both rabbits were inoculated intravenously The blood pressure in most 
rabbits inoculated intravenously fell rapidly and usually reached a low' 
level about the fourth day after inoculation, after w'hich it gradual!} 
rose until about the normal level was reached In rabbits inoculated m 
the knee joints or m the bone marrow', the fall m pressure occurred more 
slowdy, and the minimum level w'as not reached before the sixth da\, 
after which the pressure remained low or rose slow'h The behavior 
of the blood pressure of rabbits 152 and 153, both inoculated in the 
knee joints with the same culture, w'as atypical In neither rabbit w'as 
there a significant drop m pressure until the seventeenth day after 



Chart 3 — Blood pressure curves of rabbits inoculated with twentv-four hour 
dextrose brain broth culture of the apex of a tooth from a person with normal 
blood pressure The black circle and solid line represent the curve of the rabbit 
inoculated mtraveneously (R 273) , the triangle and dash line represent the blood 
pressure of rabbit 272, and the hollow circle and dash line, that of rabbit 
271, after inoculation into the knee joints The heavy \ertical line indicates 
the time of inoculation 

inoculation, when it fell from 62 and 63 millimeters to 20 and 32 milli- 
meters, respectively The pressure remained low m both for about ten 
days and then rose by roughly half the drop only to fall a few' days later 
to a still lower level, where it remained in both cases until the fifty- 
eighth day At this time, a sharp rise m pressure w'as seen in rabbit 
152 followed by another fall and then a rather rapid rise to the normal 
level, w'here the blood pressure remained until the rabbit was killed 
163 days after the inoculation On the fifty-eighth day, a slight rise 
in pressure was also seen in rabbit 153, followed by a fall then there 
w'as another slight rise followed by a fall, which persisted until the 
animal w'as killed on the eightieth day after the inoculation W e feel 
that it is at least plausible to consider that at the periods when the 
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infecting oiganisms were active the piessure fell, and as lesistance 
became bettei and the bactenal activity diminished, the piessuie again 
approached the normal level 

Ten labbits weie inoculated with three difteient cultuies obtained 
from two pei sons with a systolic blood pressuie of over 220 mm In 
three of these labbits (30 0 pei cent), theie was a significant fall in 
pressure (table 2) 

Thirty-two rabbits were inoculated with tlniteen different cultures 
obtained fiom twelve pei sons with noimal blood pressures Signifi- 
cant changes m blood piessuie weie not noted in any labbits of this 
gioup (table 3) The blood piessuie cuives of three rabbits inoculated 
with one of these cultuies aie shown in chail 3 


COM MENT 

We believe that these experiments demonstiate that ceitain bacterial 
cultuies can pioduce a marked fall in the blood piessure of rabbits 
In the expei iments descnbed, if a fall in blood piessure occurred in 


T ablf 4 — Sinnvwiv of Result'; of Inoculation until Bactenal Cultuies 
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one of a group of animals inoculated with a gnen culture, a fall was 
usually obseived m all animals inoculated in the same mnnnet Intiaae- 
nous inoculations pioduced a drop in blood piessuie wlncb leached a 
minimum level on about the fouith day, aftei which, as a rule, the 
piessuie graduallv letuined to noimal When inoculations weie made 
into knee joints oi bone mairow, the fall m blood pressuie occuired 
more slowly, but the piessuie lemained low foi a longei tune It has 
been our experience that an ovei whelming infection is not ot itself 
sufficient to cause a significant fall in blood pressuie We Inn e found 
the blood piessuie of labbits that had been injected mtiaaenoush with 
enoimous doses of stieptococci to be between 50 and 60 mm at a time 
when they weie so near death that the} w'eie unable to stand 

It is possible that ceitam stiains of oiganisms aie able to elaboiate 
m vivo a chemical substance lesponsible foi the maikcd fall in blood 
piessuie which w'as seen Koesslei Lewns and Walkei 0 hate demoli- 
sh ated that ceitam oiganisms giowm in a blood-bi oth-gh cei ol-anuno- 

6 Koessler, Kail K , Letvis, Julian H and Walker Jenm A Phar- 
macodynamic Actions of Bacterial Poison, Arch Int Med 39 1SS (Feb) 1927 
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acid medium form substances which cause artenal constnclion in -vitro 
and bronchial constriction m the living pithed guinea-pig The\ have 
found that some of these substances behave like histamine and cause 
constriction of the arteries in vitro and fall in blood piessure in vno 
Furthei expeiiments are being earned on in an effort to demonstrate 
such a substance in cultuies the inoculation of which has been followed 
by a fall in the blood piessure of rabbits 

551 Eastwood Place 



THE UTILIZATION OF JERUSALEM ARTICHOKES BY 
A PATIENT WITH DIABETES 

THORNE M CARPENTER, PhD 

AND 

HOWARD F ROOT, MD 

HOSTOX 

The -value of Jeiusalem aitichokes in the dietetic treatment of per- 
sons with diabetes melhtus depends on whethei the absence of gljcosuria 
is due to actual absoiption and utilization of the cai boh) drates or to 
escape from absorption A patient of one of us has used large quanti- 
ties of the dried Jeiusalem artichoke in his diet for a numbei of years, 
and he volunteered to spend his spring academic -vacation of 1926 at the 
New England Deaconess Hospital, subject to a conti oiled diet and to 
vanous physiologic and chemical observations designed to stud) this 
question 

The previous hteratuie with lespect to the chemistry and metabolic 
effect of Jeiusalem aitichokes and inulin has been reviewed in a recent 
publication by Root and Baker 1 The) gave baked artichokes containing 
from 31 to 81 Gm of carboh)drate in six cases and determined the 
lespnatory exchange by the gasometer method, finding a rise in respira- 
toiy quotients fiom the first to the sixth hour after ingestion, with an 
upward tendency with respect to duration In six diabetic cases, the 
blood sugai was detei mined before and aftei the ingestion of artichokes 
containing fiom 37 to 81 Gm of caibohvdrate A slight rise was 
obseived in all cases, with a fall at the end of six hours to values slightly 
lower than those found befoie ingestion These authors diew the con- 
clusion from the respnatoiy quotients and the blood sugar that the 
absorption of some reducing sugar due to the taking of aitichokes was 
proved 

OBJECTS AND METHODS OT THE INVESTIG \TION 

Our object m this investigation was to detei mine the efiects on the 
couise of the respiratoiy quotient and the gaseous exchange dining the 
day m comparison with the basal metabolism foi the dav, detei mined 
before the first meal, as brought about by the use of a diet in which 
Jerusalem aitichokes furnished the majoi poition of the carbohydi ates 
An attempt was also made to detei mine the amounts of protein, fat and 
carbohydrate absorbed, as shown by the balance between the intake in the 

v From the Nutrition Laboratory of the Carnegie Institution of Washington 
and the New England Deaconess Hospital, service of Dr F P Joshn 

1 Root, PI F , and Baker, M L Inulin and Artichokes in the Treatment 
of Diabetes, Arch Int Med 36 126 (July) 1925 
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food and the outgo in the feces i e , the so-called digestion coefficient* 
Supplementary studies of the blood and urine weie also made From 
the measurements of the lespuatoiy exchange and the nitrogen in the 
mine, estimates weie made of the amounts of the three foodstuffs 
cataboffzed in compauson with the amounts calculated as absoibed fiom 
the food ingested Potato, furnishing an equnalent amount of caiboln- 
drate, was then substituted foi the aitichokes to see what changes m 
metabolism would take place, and whether the patient could toleiate the 
caibohydiate in this foim 

The respiratory exchange Avas determined b> the gasometei method 
a half face mask being used as a bieathmg appliance and two gasometei s 
connected in such a w r ay that a continuous senes of penods of obsei ra- 
tion could be made The patient w^as thoioughlj acquainted with the 
piocedure by pievious tests The anal)ses of an w r eie made hr the 
Haldane portable appaiatus and usuall) by two w'oikeis independent!}, 
■with outdoor air conti ols, each da} befoie the anahses weie begun 
Standard methods foi the detei mination of blood sugai blood caibon 
dioxide, cholesteiol and fatt\ acids, unnar} mtiogen and uimau sugai 
were used The food eaten by the patient w^as duplicated on sereial da}s 
as a composite sample presen ed b} a substantial addition of \)lene 
dried and subsequently anal} zed The intention w as to obtain a sepai a- 
tion of the feces, caimrne being used as a maikei, but the chaiacter and 
color of the feces weie such that the carmine w r as undetectable, and a 
separation could not be made All of the feces roided duiing the time ot 
the investigation (six days) weie collected, piesened with x}lene, dned 
and analyzed After the samples of foods and feces weie paitialh dned 
m an oven below r 100 C, the lemaming moistuie was detei mined b} 
desiccation m a high iacuum at room temperatuie The piotein w as 
estimated by multipljing the nitrogen by 6 25 A detei nnnation of the 
ether soluble extiact w r as made, and portions of the ongmal dned samples 
w r ere burned at low r led heat m older to estimate the ash Then the 
nitiogen-fiee extiact (total caibohydiates) w r as calculated b} adding 
the protein, moistuie, ash and fat and by estimating the balance as total 
carbohydrates The 1 educing sugai s and h}diol}zable sugars were 
extracted and hydrol}zed according to the methods of the Official Agn- 
cultural Chemists 2 3 The i educing sugai s befoie and aftei lndrohsis 
were determined m the extiacts b} the method of S R Benedict ' The 
heats of combustion of the food composites and the feces weie deter- 
mined with the oxycalorimeter of Benedict and Fox 4 

2 Official and Tentative Methods of Anal) sis of the Association of Official 
Agricultural Chemists, Washington, D C 1920, pp 74 and 95 

3 Benedict, SR A Method for the Estimation of Reducing Sugars, J Biol 
Chern 9 57, 1911 

4 Benedict, F G, and Fox, EL A Method for the Determination of the 
Fnergy Value of Foods and Excreta J Biol Chem 66 7S3, 1925 
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REPORT Or CASE 

Iltstoi v— ' The patient, a college piofessor, developed diabetes at the age of 
41 years and 5 months At the time of the observations here reported, he was 
52 years and 8 months old There was no other case of diabetes m his family 
His own past history was unimportant, except for the occurrence of typhoid fever 
in 1884, 1887 and 1907, and pneumonia Iiis maximum weight had been 70 Kg 
in 1888 and m 1915 he weighed 66 Kg He came under the treatment of 
Dr E P Joslin on May 5, 1919 His diet and progress since that time arc shown 
in table 1 He was discharged from the hospital in May, 1919, returned on 
June 19, 1921, and on Sept 24, 1922, at wdnch time he began taking insulin He 
began using Jerusalem artichokes on Sept 29, 1923 From that time on, he 
continued to use the artichokes which lie learned to dry m order to have a supply 
all the year For several months prior to April, 1926, he had been taking the 
equivalent of nearlv a kilogram of fresh artichokes m a dried form per day 
He had found bv numerous experiments at home that whereas he could take 
carbohydrate in that form without causing the appearance of sugar m the urine, 
he could not add carbohydrate m am other form to his regular diet without caus- 
ing glycosuria 

Tatiit 1 — Did, Body U'cn/ht and Condition o) Patunl no H00 
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* Sept 2S, 1922 

Diet and Food Intake — The foods eaten dail\ dining the patient's stay of six 
days m the hospital consisted of the following front 2 to 4 eggs 60 Gm of 
chicken meat, from 630 to 750 Gm of 5 per cent ycgetables, front 8 to 12 Gnt 
of butter, ISO Gm of 20 per cent cream from 74 to 120 Gin ot washed bran, 
from 60 to 135 Gm of mineral oil mayonnaise and 750 Gnt of Irish moss jelly 11 
On every day but April 7 he used 198 Gnt of dried Jerusalem artichokes, and 
on April 7 lie had 500 Gm of baked potatoes I he bran was thoroughly washed 
by the patient to remote starch, made into cakes and dried The dried arti- 
chokes w ere also prepared by the patient and v ere brought In It tn to the hospital 
The total hydrolyzable carbolndrates of the dried artichokes was about 50 per 
cent A sample of the material sent to us by the patient later gate 2 per cent 
of reducing sugars and 55 per cent of In droh zablc sugars, and the heat of com- 
bustion yvas 34 calories per gram The In droh z title sugar was alcohol-soluble, 
apparently present m the form of polymers of lcuilose and not as mulin 

Food composites yvere collected on fotu days, and the amount of protein, 
carbohydrate and fat (including mineral oil) are shown m table 2, as determined 
by analysis and calculation Ihe energy derived from each nutrient is calctt- 


5 A subsequent analysis of a composite exclusne of bran, may'onnaisc and 
Irish moss jelly gaxe protein, 46 Gm , fat, 60 Gm , and carbohydrate, 31 Gm 
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lated, and the sum of the calculated calories is compared with the \alue calculated 
from the determination by the oxycalorimeter The computation of the per- 
centages of energy due to each of the three nutrients would result m values too 
low for protein and carbohydrate and too high for fat, because the total energy 
is raised by the inclusion of the mineral oil m the composite samples The 
presence of mineral oil also complicated the calculation of the energy furnished 
by fat The usual value per gram of fat cannot be assigned, as the heat of 
combustion of mineral oil is higher than fat There was so much oil in the 
composite samples that it prevented the drying of the samples, and it w r as neces- 
sary to skim the oil from the surface Three such samples w'ere obtained, and 
the heat of combustion w'as determined by the oxycalorimeter with values of 11 51, 
10 64 and 10 35 calories per gram The average of these three has been used m 
calculating the energy in the column showing the values for fat As a check on 

Table 2 — IJ’c'ghts of Nutncnts, and Disti ibution of Encigy in Food Com- 
posites and Feces 
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* A sample of the dried artichokes gave 2 per cent of reducing sugars and 35 per cent of 
hydrolyzable sugars Therefore, 198 Gm of dued artichokes must ha%e supplied nearly ill 
of the sugars 

t Artichokes replaced by potato 

the probable accuracy of the calculation of the carbohydrates, the sum of the 
calories derived from the three nutrients may be compared with that directly 
determined by the oxycalorimeter The amounts of carbohydrates in the different 
days may be taken as probably within 5 per cent of the actual amount present 
These carbohydrates include those from bran and the Irish moss as w'ell as those 
arailable in the Jerusalem artichokes The amounts of reducing sugars and 
total hvdrolyzable sugars are also shown in table 2 The total sugars ranged 
from 93 to 138 Gm, the day on which potatoes w'ere given (April 7) being 
omitted on this day they' w'ere 15 Gm , which is consistent with the difference m 
composition of Jerusalem artichokes and of potatoes The carbohy'drates, other 
than sugars, were more than half of the total carbohydrates and on April 7 were 
94 per cent of the total cabohydrates The agreement between the energy' cal- 
culated from the sum of the values derived from the weights by analysis and 
that found by the determination by the oxycalorimeter is satisfactory The 
greatest difference was on April 3, i e , 6 2 per cent and the least on April 4, 
0 2 per cent The average difference was 0 6 per cent 
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Composition of Fcccs end Appai cut Absoi ption of Nutt tents — In table 2 is 
shown also the average daily excretion of unabsorbed nutrients and oil m the 
feces As the diet was essentially constant throughout the six davs and similar 
to that the patient usually had, it is felt that there would not be much error in 
balancing the amount coming from his food previous to the first day with that 
which is due to the last day’s food and which would be voided after he left the hos- 
pital This patient used sufficient bran and mineral oil in his diet to warrant the 
belief that the passage of unabsorbed material was not unduly delaied On the con- 
trary the investigations of Burrows and Farr," Dutchcr, Ely and Honeiwell, 
and Mcllanby 6 7 8 9 and Schlagmweit “ indicated an interference w ith the absorption of 
fat m the presence of petroleum oil, and this may account for the fact that although 
60 Gm of fat w-as supplied m the diet, only 40 Gm was apparently absorbed In 
the calculation of the energv due to fat or oil, the value of 11 47 calories per gram 
wms used, which is the heat of combustion of a mineral oil, because so much of 
the unabsorbed ether extract must ha\e been due to the miner'll oil The average 
daily excretion m the feces showed a large amount of ether extract (mineral 
oil) a smaller amount of carboln dr.itc and no sugar 

The amounts calculated as absorbed per da> gne 50 Gm protein, 40 Gm ether 
extract, and 205 Gm of carbohydrate Sixty -six per cent of the protein ingested 
and 76 per cent of the carbohydrates were absorbed, which included all of the 
sugars and 113 grams of carboln drates other than sugars The total energ\ 
absorbed was about 1,500 calorics The sugars formed 46 per cent of the total 
carbohy drates absorbed If one omits the dai on which potato was gnen, the 
total sugars ingested were 119 Gm per da\ and the other carbohydrates were 157 
Gm per day Ihe deduction of unabsorbed carboln drates gnes 119 Gm of 
sugars and 91 Gm of other carbohydrates absorbed, so that the sugars formed 
nearly 57 per cent of the retained carbohydrates, which must ha\e come, in the 
mam, from the Jerusalem artichokes The distribution of energy m the material 
retained was protein, 19 per cent, fat, 27 per cent, and carboln drate 54 per cent 
The basal metabolism of an a\erage man of 53 years, 57 5 Kg m weight and 
170 cm tall, according to the Harris and Benedict standard, would be 1,350 
calories per day The apparent available encrgi was 1,500 calorics, so that 11 
per cent was available for influence of food and actmt\ \ calculation of the 
energy production is made later in the paper 

Analyses of Blood — The results of determinations of sugar, carbon dioxide con- 
tent, cholesterol and fatty acids in the blood arc shown in table 3 The blood 
sugar gave normal values on the first da\ in the hospital but on the next two 
mornings was slightly higher On the morning of April 7, it was 017 per cent in 
the postabsorptive condition On this day the patient was gnen baked potatoes 
at his first meal at 9 a m, and at 12 45 p m the blood sugar had risen to 0 24, 
by 7 15 p in , it was 0 31 per cent, so that the ingestion of potato, which did not 
contain any more carbohydrate than he had been having in the form of arti- 


6 Burrows, M T, and Farr, W K The Action of Mineral Oil Per Os on 
the Organism, Proc Soc Exper Biol S. Med 24 719 ( April) 1927 

7 Dutcher, R A , Ely', J O , and Honeywell, H E Vitamin Studies XV 
Assimilation of Vitamins A and D in Presence of Mineral Oil, Proc Soc Exper 
Biol & Med 24 953 (June) 1927 

8 Mellanby, J Petroleum Emulsion in the Small Intestine, J Physiol 64 
XXXIII (Dec) 1927 

9 Schlagmweit, E Untersuchungen uber die Darnnvirkung des Paraffinum 
hquidum, Arch f exper Path u Pharmakol 124 59 (July) 1927 
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chokes, caused a marked increase m the blood sugar which continued e\en until 
the next morning, when it was 0 27 per cent However, b\ 2 45 p m on 
April 8, it was back again at the level of the morning of the 7th The blood 
carbon dioxide showed little change m the first two davs and was not determined 
again until three days later, when it w>as lcnver Specific changes did not occur 
in the cholesterol or fatty acids of the blood during the six dais 

Unnc — The urine w'as collected at frequent intervals during the six dajs’ 
stay at the hospital , it w^as tested for diacetic acid and sugar and the total nitro- 
gen determined After the patient left the hospital, he collected his urine in 
tw'enty-four hour periods and sent specimens on for analysis (table 4) The 
first four days’ urine contained an average of 8 3 -f Gm of nitrogen per daj 
equivalent to 0 15 Gm per kilogram and no sugar or diacetic acid The cal- 
culated protein catabolized is thus about 52 Gm per day On the dav of the 
ingestion of potato, there were tw'o marked changes in the urinary elimination 
The potato w-as eaten at 9 a m , and the first collection of urine after this w-as 

Table 3 — Blood Sugai , Caibon Dioudc Content, Cholcstciol and Fatty Acids 
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* Postabsorptive, i e , before breakfast 


at 11 05 a m, a volume of 93 cc, with 0 3 Gm of sugar Collections were again 
made at 12 39 p m , 1 29 p m , 2 47 p m , 4 22 p m , 10 p m , and 7am, 
on April 8 All of these contained sugar in measurable amounts, the greatest 
amount occurring in the urine collected at 2 47 p m , i e, 2 Gm The specimens 
of urine next day showed sugar, including a collection made at 2 48 p m After 
that, sugar w^as not found on this or succeeding days After the first meal con- 
taining potato, the appearance of sugar in the urine w^aas prompt, and the specimens 
continued to show r the elimination of sugar for more than twenty -four hours 
afterward Simultaneous w ith the elimination of sugar was a striking increase 
in elimination of nitrogen on April 7 and 8, and 8 and 9 This cannot be 
explained as the result of increased protein ingestion on April 7 and S as the 
amount was only 65 Gm as compared with 75 and 83 Gm on the other da\s 
(table 2) It is difficult to explain this increased elimination of nitrogen 
These changes in the urine occurred after the ingestion of potato, which con- 
tained as nearly as possible the same amount of carbohydrate as was taken on 
preceding days in the form of artichokes, and the return to a condition of 
sugar-free urine, and similar elimination of nitrogen accompanied the resumption 
of artichokes No other change v f as made in the treatment The patient 
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received the same amount of insulin at the same intervals as on other da\s 
These changes may be mere coincidence, but it hardlj seems likelj 

Rcspuatoiy Exchange — In table 5 is given a summarj of the measurements of 
the respiratory exchange as indicated In the oxygen absorption and the respiraton 
quotient The general program of measurements was to have four ten-minute 
periods in succession in a postabsorptne condition after the patient had ridden 
from the hospital to the laboratory He then ate his first meal, which contained 
practically one third of the day’s diet Measurements were then made on him for 
six successive periods for the duration of an hour, and then after a half-hour’s 
rest a group of six was made He then ate his noon meal, and again six periods 

Table 4 — Statistics of Examinations of Dime 
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Table 5 — The 
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during the hour were made, followed by a half-hour’s rest, and then six more 
periods were run This program was carried out on April 3, 5 and 7 On 
April 6, he felt fatigued, and so measurements were not made other tlnn the 
four basal periods m the morning On April 8 the basal periods were made, 
and the usual morning periods after breakfast were omitted and measurements 
resumed again after lunch In addition, bctw'cen 5 and 5 30 p m , three more 
periods were made, and after the exening meal ten more periods were carried 
out in groups of four and six 

Pulse Rate The basal pulse, with the exception of April 6, was 60 or under 
On April 6, it w r as somewdiat higher After each meal the pulse for the first 
group w r as always higher than the basal pulse, falling slighth m the second group 
in the morning and in one case, April 5, back to the basal pulse In a similar 
manner after the afternoon meal, the average pulse was higher than the basal 
but fell again in the later afternoon group 
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Oxygen Absorption The basal oxigen absorption for all me dais v as v niun 
the range of from 190 to 198 cc per minute After b-eakiast the oxygen 
absorption v.as increased Detween 7 ana 10 per cent and the second group in the 
morning, v ith the exception ot April 7 dropped but not to the sal figure 
The groups m the afternoon gate similar results with the exception of that 
of April 5 in which the oxigen absorption v as lower than tnose in the morning 
but not as lov as the Dasal figure On Apr*I 7 the da} on v hich the patient 
recened potato instead of artichokes, the increase in oxygen absorption 
as veil as the pulse rate was more marked than on am other aa\ although m 
the first group on the afternoon of April 8 the rise m oxygen absorption was 
nearly as great as on April 7 at the same time In the three groups of periods 
on April 8 during the time m which measurements were not made on the other 
da}S that is late afternoon and etemng the changes were somewhat similar to 
those produced by tne pre\ious meals on the other day s 

Respirator}' Quotent The basal respirator} quotients v ere narrov in range 
and were normal The first meal on each da} produced a slight increase which 
lasted through both groups of periods m the morning and the second meal 
caused the respirator} quotient to rise still higher, so that the highest yalues 
occurred m the afternoon The rise of April 7 the day on which the patient 

Table 6 — Estimation of Heat Production -from Respirator EvcJaigc 
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recehed potato was more marked m the morning than on tne other days On 
April 8 the afternoon periods showed about the same increase and the respira- 
tor}' quotient was raised to a higher point b} tne etening meal 

In general then we haye a patient who has a normal basal respirator} 
quotient v ith an mcrease m pulse rate ox} gen absorption and respratory quotient, 
produced by the mgestion of a mixed meal with a large proportion of ca'bo- 
h}drate about one half of which for four dais was in the form ot Jerusalem 
artichokes 

Hca* Prodvcuov — The heat production per da} was calculated for the tour 
da} s on which there were periods of determinations of respirator} exchange 
other than those of the basal metabolism To obtain a correct estimate of the 
metabolism for twenty -four hours when there are onh intermittent pe-iods of 
measurement during the da} is alwa }5 difficult In this series the basal periods 
ha\e been used for the time between 10 p m and /am and the \a!ues ootamed 
m the measurements of respirator} exchange during the four da} s na\ e been 
apportioned for the rest of the day To use basal ffgures for tne metabolism 
during sleep ma\ be questioned, as the metabolism during sleep is undoubted!} 
depressed On the other hand it is probabh incorrect to assume that tne respira- 
tory quotient had dropped to basal at 10 p m so that the average respirator 
quotient for the da} w ould probabh be lugner than that v inch could be Gem cd 
from the yalues m table 5 In addition alio 1 ' ance was not maoe tor ext r a 
muscular activity although there w as some activit} otner than h mg quieth o i 
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the couch m the metabolism experiments The values for heat production and 
for energy derived from fat and carbohydrate given in table 6 arc therefore min- 
imum a alues 

For the first two davs, the calculated heat productions .ire almost identical and 
the last day of the four slightly higher than the first two On the remaining day, 
April 7, the heat production was materially higher, and the greatest portion of 
the increase comes from the protein cataboh/cd This was the day on which 
potato w r as used instead of Jerusalem artichoke Not only was there a disturb- 
ance in the metabolism in that sugar was excreted and protein utilization increased, 
but the metabolism was raised, and to a slight extent this w r as carried o\er to 
the next day 

The distribution of the energy derived from the three nutrients indicated that 
about 50 per cent came from carbohydrates, under 35 per cent from fat and 

from 16 to 21 per cent from protein There was thus a large proportion from 

carbohydrate and an adequate proportion from protein If 10 per cent additional 
is allow’ed for extra actniti, there would be an increase of about 150 calories a 
day If this amount is apportioned to carbolndrate and fat m the ratio of 50 35, 
there would result an increase of 88 calories in the carbolndrate portion and 

62 calories m the fat portion The percentage due to carbolndrate and fat 

w'ould be increased, while the percentage due to protein would be decreased The 
aierage energy derned from carbolndrate was 713 calories as a minimum, which 
would be furnished In 178 Gm while the addition of SS calories due to extra 
actiuty would increase it 22 Gm , making 200 Gm as a probable maximum of 
carbohydrates burned The food eaten during the period indicated m table 2 
contained 271 Gm on the aierage, and the amount calculated as absorbed was 
205 Gm , so that the diet supplied the patient with an amount of carbolndrate 
w'hich was about equal to that burned as calculated from the metabolism It was 
estimated that about 1,500 calories was furnished by the absorbed food Ihe 
minimum energ\ produced, as calculated in table 6, is under this with the excep- 
tion of the potato” da\, \pril 7 If an allowance of 10 per cent is made for 
extra activity the cnerge m the food supplied would be about 100 calorics too low 

The main problem in this nnestigation was whether Terusalcm artichokes 
supplying a large amount of carbohydrates m the diet of a patient with diabetes 
W'ere absorbed and utilized in the metabolism The results indicate that the daih 
intake of dry nitrogen-free, fat-free substances was 270 Gm , of which 30 Gm 
w r as derned from 5 per cent \egetables and cream 100 was supplied In artichokes 
and the remainder consisted of unknown substances from Irish moss and bran, 
that about 205 Gm of carbohydrate was absorbed, and that from 175 to 200 Gm 
W'as burned in the lxxh The results show dehniteh that Jerusalem artichokes 
can furnish absorbable carbohydrates which arc utilized by a diabetic patient 

SUMMARY 

The metabolism of a patient with diabetes mellitns in whose diet 
Jeiusalem aitichokes furnished one-half the caibohychates was studied 
foi six days with lefcrence to the gaseous exchange, absoiption of food 
and composition of Wood and ui me 

The analyses of composites of the food ingested on foui days showed 
an aveiage intake of 76 Gm of protein and 271 Gm of dry mtiogen-fiee 
and fat-free substances On five of the six days, Jeiusalem aiti- 
chokes provided moie than 100 Gm of carbohydrates, supplying about 
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95 per cent of the hvdiol)zable sugar On one da\ the aitichokes veie 
replaced with baked potatoes containing an equnalent amount of cai ho- 
lly diates 

The analyses of six da) s’ feces indicated an a\eiage daih absorption 
of protein, 50 Gm , fat, 40 Gm and carboln diates, 205 Gm , with a total 
energy content of about 1,500 calones 

The aveiage basal lespnatoi) quotient was 0 84 The food intake 
divided into thiee equal portions during the da) pioduced a rise of the 
lespnatoiy quotient to 0 91 and a maximum increase m the ox)gen con- 
sumption of 14 per cent 

Although this patient had been sugai fiee foi some time on a diet in 
which artichokes furnished the gieatei poition of the cai boh) diates, the 
substitution of an equivalent amount of cai boh) diates m baked potatoes 
on one day was accompanied by an inci eased excietion of uiinau 
nitrogen, the prompt appeaiance of sugai m the mine a use in the blood 
sugar and an mciease m the heat pioduction The resumption of 
Jeiusalem aitichokes on the next day was accompanied by a disappeai- 
ance of unnary sugar, a lowenng of blood sugai and a lowering of 
the metabolism of eneig) 

A calculation of heat pioduction on foui da)s ga\e fiom 1,450 to 
1,550 calories per twenty-four houis (minimum, not maximum \ allies), 
v ith 50 pet cent fiom caibohydiates, fiom 32 to 36 pei cent fiom fat, 
and fiom 16 to 21 per cent fiom piotem 

The lesults show that Jeiusalem aitichokes furnish caiboh\diates 
which can be absoibed and utilized b) a patient with diabetes melhtus 
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ITS OCCURRENCE WITHOUT GROSS CARDIAC HA PERTROPIIV 
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Cauliac hypeitioph) is frequently found at autopsy m persons with 
disease of the coionaiy aitenes An extracoronai) mechanism is nearly 
always lesponsiblc foi this hjpei tropin In this lepoit, howe\ei, we 
wish to emphasize that gross cardiac hjpertiopln is often absent in dis- 
ease of the coronal y arteries e\en though other maiked pathologic 
changes of the vessels and heait are present 

The term disease of the coronal v vessels as emplojed here needs 
clarification It is, of course, -well known that the coionan vessels often 
appeal arterioscleiotic at neciopsv But this condition, m a strict sense, 
is not a disease , it piobahly icpresenls a metabolic piocess assailing main 
structures, among them blood \essels The aitcnosclerotic alteration of 
such vessels is, m a ceitain icspect, the tcstimom and stigma of 
advancing years Maikedly scleiotic vessels are sometimes seen m com- 
paratively young pei sons, geneiall), however, artenosclerosis occuis m 
the later decades of life and attacks the aitenal tree as a whole or else 
limits itself to one 01 more circumscribed artenal circuits, 1 e , the cere- 
bral, pulmonary or coronal), and mvohement of any of these cn dilatory 
s) stems may peisist and ma\ be chnicall) swnptomless 

We are, howevei, interested in disease of the coronal) "vessels in the 
sense that some othei factoi or piocess, 1 elated to 01 independent of 
arteriosclerosis, blocks 01 nanows the -vessels, thus pioducmg pathologic 
alteiation of the muscle of the heart In man) instances, the sclerotic 
walls of the coronal y vessels giaduall) encioach on the lumen of the 
vessels, eventually causing obhteiation In othei cases a superimposed 
thrombus occludes a vessel that is alread) the seat of artcnoscleiosis 
Here the formation of a thrombus may have lesulted fiom the sclerotic 
process or may be the pioduct of some independent and unknown 
phenomenon In many of these cn cumstances the muscle of the heart 
may suffer severely and the damage reveal itself by clinical 01 giaplnc 
manifestations Such heaits damaged b) impaiicd coionary circulation 
and alteied by attendant injury to the muscle may remain giossly unhy- 
pertiophied and even small This does not call foi furthei comment 

'•'From the Medical Service of Montefiore Hospital, New York, Dr B S 
Oppenheimer, Chief of Service 
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heie, noi do we now laise the question whether disease of the coionan 
vessels can of itself pioduce cardiac hypertrophy Our interest is cluefh 
in a series of patients on whom observation at autopsy disclosed unmis- 
takable cnpplmg of the coronal y vessels by either occlusion 01 gradual 
obhteiation, associated with much injury to the muscle of the heart, the 
clinical legends of these patients often indicated interfeience m the 
coronal y vessels, and at death their hearts were not grossly hypei- 
trophied 

These patients had maiked atheiosclerosis with slow nail owing 01 
complete occlusion of the vessels Patients with syphilitic arteutis, pio- 
ductive endaitentis and penartentis nodosa weie excluded Cases ot 
recent occlusion weie not considered The sclerotic process in all 
instances involved both the right and the left branches , the left coronary 
aitery was predominantly involved in nine cases, and in four cases the 
light coronary arteiy was pnncipally diseased The effect of the 
sclerosis varied from marked stenosis and partial occasion to complete 
closuie The onfices weie gieatly nai rowed m two cases, and the mouth 
of the right coronary aitery was entirely closed in one case The gioss 
myocardial changes ranged from small scattered and large confluent 
areas of fibrosis to various degrees of multiple infarction , twx> cases 
showed parietal aneurysms of the ventricular wall 

All these patients had unhyperti ophied heaits and thus illustrate the 
contention that indisputable and advanced coronary disease need not lead 
to gross cai diac hypertrophy 

This is not a new view, but we feel that it desen es emphasis How- 
ever, the literatuie, m general, does not contain many definite lefeiences 
on this subject As far back as 1882, Huber 1 stated that hypertiophy 
of the left ventricle “bears no relation to myocardial and coronary dis- 
ease ” In more lecent years, occasionally one comes on a refeience to 
a small unhyperti ophied heait found at autopsy m the presence of 
coronary thrombosis or closure by an obliterating process Thus, 
Faulknei, Marble and White 2 observed the heart unhyperti ophied in 
three out of a total of thirty cases in which there was complete or pi ac- 
tually complete occlusion Herrick 3 published three reports of neciopsy 
m patients with coronary thrombosis, m two of whom the heaits were 
noimal in size Acker 4 5 described a single similar case Hamman ' 

1 Huber, K Ueber den Emfluss der Kranzarterienerkrankungen auf das 

Herz und die chronische myocarditis, Virchows Arch f path Anat 89 236, 1882 

2 Faulkner, J M , Marble, H C , and White, P D Differential Diagnosis 
of Coronary Occlusion and of Cholelithiasis, JAMA 83 2080 (Dec 27) 1924 

3 Herrick, J B Thrombosis of the Coronarj Arteries J A M A 72 387 
(Feb 8) 1919 

4 Acker, R B Delayed Death in Coronary Thrombosis J A M A 73 
1692 (Nov 29) 1919 

5 Hamman Sv'mptoms of Coronary Occlusion, Bull Johns Hopkins Hosp 
38 273, 1926 
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Obsctvahons in Nineteen Cases of Advanced Disease of the Coionary At lutes 
with Coexisting Mailed Myocai dial Changes (in Seventeen Cases) but 
Without Gioss Hypci ti ophv of the Heat t 


Age, 

Weght of 
Heart, 


Mjocnrdium 

Year 

Sex 

Gin 

Coronnrj Voxels 

13 

M 

200 

Orifices narrowed bj Intlinal thicken 
ing and arteries on section chow 
numerous scattered areas of calci 
flcation with pirtial stenosis of 
lumen 

Not described 

47 

M 

270 

Descending brancli of left eoronarj 
■vessel shows extensive changes in 
its wnl! intlmn is ulcerated cinnli 
adherent mural thrombi 

CrinKli fibrous se nri , vv 1th scat 
tered streaking in the muse e 

58 

M 

200 

Uortuous with scattered calcified 
plaques and m some places stenosis 

Decfdcdlj browner tlinn ivcragc 

5 S 

r 

320 

M irked atheromatous involvement 
with slight stenosis, right orifice 
greatlj narrowed, entire vessel 
small 

Marked fibrosis left ventricle, near 
apex, area 2 cm in diameter in 
whlih mus(le is replaced bv 
fibrous tissue 

G1 

M 

300 

Marked diffuse thickening, scattered 
atherosclerotic plaques in intima 
with marked stenosis of lumen In 
places 

Fibers conrser tlinn average 

Cl 

M 

400 

Mouth of right corona rv vessd com 
pletelj obstructed, left coronnrv 
vessel completed obstructed bj 
calcified ltlierosclcrotie process 

W all of left interventricular septum 
soft md po'siblj infnretul and 
necrotic 

(n 

M 

310 

In rumorous are is arteries pipestem 
in character with considerable stc 
nosls of lumen in portions 

In lift mjocnrdium Inrge firm 
pe.irlv grav are i replacing muscle 

G5 

M 

300 

Pipestem with considerable stenosis 
in places 

\rcliltoc t tire of left mjocnrdium 
coarse 

Go 

M 

300 

Anterior descending branch of left 
eoronarj vessel compktelj occluded 
bv small atherosclerotic plaques 

Old infarct of left ventricle apex 

Go 

r 

220 

Lumen of right eoronarj vc-ql t om 
pletelj obliterated bj soft atheroma 

Fxtensive fibrous streaking several 
small foci of necrosis no ir apex 

CG 

M 

2G0 

Markedlj sclerotic with narrowed 
lumens 

Slight fibrosis about the =mah 
vc sels 

G7 

r 

200 

Marked arteriosclerotic involvement 
and almost Complete occlusion of 
small branch of right coron irj 
v cssel 

In anterior half of apical region of 
li ft ventricle large healed infarct 

07 

M 

340 

Marked narrowing bj arteriosclerotic 
plaques with complete occlusion in 
one area 

Moderate dilatation of left vcntri 
cie due to marked thinning out 
of wall in posterior part begin 
n ing at interventricular septum 
ami involving half of cireumfer 
tnee of left ventricle 

GS 

M 

280 

Marked atherosclerotic plaques in 
both vessels, lumen of branch to 
left ventricle prncticnllj obliterated 
at one point bj extensive calcified 
plaque 

Musculature pale reddish brown a 
few grij translucent llick« u’ 
placing muscle lcIIs 

70 

r 

270 

Lumen of left coronnrj ve-sel con 
sidcr iblv stenosed in places 

‘•light fibrosis of left invocardium 

75 

p 

300 

Moderate atheromatosis with thicken 
mg circumflex branch to left 
border of heart shows maihcd cal 
cifieation with prncticnllj complete 
occlusion 

Pale, brown shght fibrous streik 
ing ibout sm ill vessels 

75 

F 

350 

Marked ntheioseleiotlc involvement 
with stenosis 

Tine lineir fibrous sfrenking 

91 

F 

2S0 

Pipestem w i tli marked stenosis of 
lumen 

Fibers coarse 

90 

r 

300 

M irked atherosclerotic thickening 
with partinl occlusion 

Not dc-cribi d 
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stated that the area of cardiac dulness need not be enlarged in persons 
with coronan occlusion Nathanson 0 reuewed 113 cases of set ere 
coionary disease with marked narrowing and paitial obliteration of one 
or more laige artenes with well defined changes m the heait muscle, and 
m forty-five cases the heart was not enlarged, weighing 400 Gm or less 
In a paper published this year on cauliac infaiction and coionan throm- 
bosis, Paikinson and Bedford 7 made the casual statement that “cardiac 
enlargement is not a feature,” though they weie of the opinion that 
coronal y disease alone can cause some degree of hypertiopln Expci i- 
mentally, Hambuigei, Priest and Bettmann 8 did not obseive lnpei- 
trophy of the heait six months after the aitificial mtioduction of 
1) copodium spores into the coi onary vessels 

It would lead us too far afield to speculate on the causes foi this 
absence of hypertrophy We wish to indicate, howe\er, that the occui- 
rence of hypertrophy may bear some relation to the ability of the heart 
to develop an adequate collateial circulation This ability is variable, 
as has been demonstrated by anatomic studies Thus, Gross 0 found that 
the heart is abundantly provided with capillar}- and piecapillary anasto- 
moses which are normally not m use and that these aie inadequate foi 
emergencies but may become adequate when the coronary obstiuction is 
gradual More recently Kugel 10 demonstrated a constant intei aui lcular 
coronal y vessel that is possibly capable of enlaigmg and cairymg on the 
circulatory needs when any of the majoi branches suft'ei Furthermore 
Oberhelman and LeCount 11 noted that in hearts with extensive mvo- 
caidial changes and with incomplete or total occlusion of one or moie 
coronal y artenes, abundant collateial circulation was piesent The more 
giadual the occlusion, the more maiked was the compensatoi) anasto- 
moses that developed Benson and Hunter 12 dn ected attention to the 
frequent occurrence of supernumerary coionaiy onfices in peisons with 
coronary aiterial disease, such supei numeran openings conceit abh 
functioning as souices foi collateial cn dilation 


6 Nathanson, M H Diseases of the Coronan Arteries, Am J M Sc 
170 240, 1925 

7 Parkinson, John , and Bedford, D Evan Cardiac Infarction and Coronan 
Thrombosis, Lancet 1 5, 1928 

8 Hamburger, Walter W , Priest Walter, S and Bettmann, Ralph B 
Experimental Coronary Embolism Am J M Sc 170 168, 1926 

9 Gross, L The Blood Supply to the Heart m Its Anatomic and Clinical 
Aspects, New York, Paul B Hoeber, 1921 

10 Kugel, M A An Important Anastomotic Blood Vessel m the Auricle of 
the Human Heart, Proc Path Soc , Nov 10, 1927 

11 Oberhelman, H A, and LeCount, E R Variations in Anastomosis of 
Coronary Arteries and Their Consequences, J A M A 82 1321 (April 26) 1924 

12 Benson, R L, and Hunter, W C The Pathologv of Coronan, Arterial 
Disease, Northwest Med 24 605 (Dec ) 1925 
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Accoidingly, the capacity of a heait to produce and develop collateral 
circulation m the face of giadual intei feience with coronary flow may 

possibly depend on the anatomic anangement of the coronal y vessels 

in othei woids, on a congenital endowment of pattern and of potential 
development foi coionaiy anastomoses When adequate collateral circu- 
lation is established, one would not expect cauliac hypertrophy as a 
consequence to disease of the coionaiy aiteries When seemingly unex- 
plained hyperliophy accompanies disease of the coronary arteries, one 
would search foi an insufficient, undeveloped collateral coronary 
cnculation 

CONCLUSIONS 

1 In cases of maiked disease of the coionaiy vessels, together with 
a diseased heait on gioss examination, the heart was found to be 
unhypei trophied and even small as ie\ealed at autopsy m the nineteen 
cases we have tabulated 

2 We had two patients with disease of the coionait arteries m whom 
clinical manifestations and ioentgen-ra) c\idence pointed to cardiac 
enlaigement These heaits were dilated, thc\ should not mistakenl) be 
consideied hypeiti opined 

3 It may be that in the patients with disease of the coronaiy arteries 
m whom the heait lemained small, the oigan failed to hypertiophy 
because it possessed a potential mechanism ready to function through 
adequate collateral channels whenevei the coronary circulation was 
giadually blocked or impeded 
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Although toxic symptoms m certain patients being treated for peptu 
ulcer were observed by Sippy and his co-workers and =ome study of 
the blood chemistry had been carried out in a considerable number of 
these patients, the results were apparently not considered of sufficient 
importance to warrant their publication The first observations con- 
cerning the intoxication produced by the administration of large amount' 
of alkali m the Sippy treatment to be recorded in detail were those of 
Hardt and Rivers 1 m 1923 They pointed out that “patients with 
duodenal ulcer treated by the Sippy method may develop definite symp- 
toms of toxemia associated with renal changes, increased blood urea, 
and normal or increased carbon dioxide combining pow 7 er of the 
plasma”, they asserted also that “patients with duodenal ulcer and 
renal complications are more inclined to develop these toxic manifes- 
tations and to a much greater degree ’ Shortly after the report of 
Hardt and Rivers, another paper appeared from the Mayo Clinic by 
Brown, Eustermann, Hartman and Row ntreef m which the authors 
carefully discussed the toxemia occurring in pyloric and m duodenal 
obstruction A detailed study of eleven ca^es wa« pre=ented m which, 
as the result of organic obstruction or of anatomic or physiologic stasis 
in the duodenum, duodenal toxemia developed They 7 stated “Duodenal 
toxemia is characterized by r a clinical syndrome, by urinary changes, by 
pathognomonic changes in the chemistry 7 of the blood by decreased 
renal function, and in case of death by pathologic changes in the 
kidney 7 ” The increased carbon dioxide combining power of the plasma 
w 7 ith low 7 plasma chloride w 7 as regarded as indicating the existence of this 

''■From the Departments of Internal Medicine and Biochemistry, The State 
University of Iowa, lov a City 

1 Hardt, L L, and Rivers, A B Toxic Manifestations Tollov inc the 
Treatment of Peptic Ulcer, Arch Int Med 31 171 <Teb j 19 23 

2 Brown, G E , Eustermann, G B Hartman, H R and Ro,’ ntrcc, L G 
Toxic Nephritis m Pyloric and Duodenal Obstruction Renal Insufficiency Com- 
plicating Gastric Tetany, Arch Int Med 32 425 fSeptj 1923 
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toxemia, and when this was associated with evidence of renal insuffi- 
ciency, increased blood uiea, etc, the diagnosis was consideied definite 
These authois legarded the degree of chemical disturbance as reflected 
evidence of the extent of the damage 

When one compares the symptomatology of duodenal toxemia result- 
ing fiom obstruction with the toxemia encountered in the alkali 
treatment of pci sons with peptic ulcer, one is struck In their similarity 
and is inclined to wonder if possibty the alkalosis is not quite as impor- 
tant an etiologic factor m the toxemia of duodenal obstruction as the 
supposed specific toxin absorbed fiom the gastio-intestinal tract 

Previous to the publication of Iiardt and Rners' 1 papei, toxic mani- 
festations following the administiation of sodium bicarbonate had been 
icpoited by several investigates, notably Howland and Marriott, 
Hairop' 1 and Grant' 1 One of Grant’s patients was undergoing Sipp\ 
treatment for peptic ulcer This patient de\ eloped symptoms of alkalosis 
and tetany and had a carbon dioxide combining pow'er of 91 per cent b} 
-volume 

Shoitl) after the publication of the paper bj Hardt and Rivers 
papers appeared b} Kantor ri and b} Shatttick. Rohdcnburg and Booher 3 4 5 6 7 8 
in which an effort was made to neutralize the hulrochloric acid by other 
antacids than sodium bicarbonate Following the suggestion of Green- 
wald, h tertian phosphates of magnesium and calcium were employed 
Symptoms of alkalosis were not oldened, although these gastric ant- 
acids weie showm to act efificientty m neutiali/mg the In drochlonc acid 
In the six cases carefullv studied In Shattuck, Rohdcnburg and Booher 
the p H and caibon dioxide remained essential!} normal Tw t o patients 
with peptic ulcei who dc\ eloped typical symptoms of alkalosis under 
Sipp\ management aie desciibcd by Shattuck 

It is of intei est that several years carhei a considerable number of 
estimations of caibon dioxide w r eie made b) one of us (M) on 
patients of Dr Shattuck undei Sippy management At that time we 
did not encountei a single patient m whom the caibon dioxide was 

3 Howland, Jolm , and Marriott, W M Observations upon the Calcium 
Content of the Blood in Infantile Tclam and upon the Effect of Treatment b\ 
Calcium, Quart J Med 11 289 (Julj ) 1918 

4 Harrop, G A The Production of Tctam b\ tbe Intravenous Infusion of 
Sodium Bicarbonate, Bull Johns Hopkins Hosp 30 62 (March) 1919 

5 Giant S B Tetanj A Report of Cases with Acid-Base Disturbance, 
Arch Int Med 30 355 (Sept ) 1922 

6 Kantor J L Antacid Gastric Therapj with Special Reference to the 
Use of Neutral Antacids, JAMA 81 816 (Sept S) 1923 

7 Shattuck, H F , Rohdcnburg, E L, and Booher, L E Antacids in the 
Medical Management of Peptic Ulcer, JAMA 82 200 (Jan 19) 1924 

8 Greenwald, I Gastric Antacids which Cannot Act as Sjstemic Alkalis, 
Proc Soc Exper Biol & Med 20 436 (May) 1923 
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notably high, possibly for the reason that all bloods were taken in the 
morning (table 3), although this was the particular object of those 
determinations We were then aware that main persons with ulcei 
showed evidence of impaired renal function 0 

The earlier reports on alkalosis did not include the estimation of the 
blood p H , although the carbon dioxide combining powder was found 
high when estimated Bmger, Hastings and Neil 10 w'ere apparently the 
first to determine the blood p H in a case of alkalosis due to the adminis- 
tration of sodium bicarbonate They found a p n of 7 55, thus proving 
the presence of an uncompensated alkalosis A year later Kast, Mters 
and Schmitz 11 reported observations on twenty patients with alkalosis, 
m ten of wdiom the alkalosis was due to the administration of sodium 
bicarbonate Determinations of the blood p H w'ere made m all cases, 
the highest figure being 7 6 Four of the patients had peptic ulcers and 
w r ere undergoing Sippy treatment 

Ellis 12 presented a discussion of four cases of alkalenna, two being 
due to overdosing with sodium bicarbonate He stated 

The symptoms of poisoning with sodium bicarbonate as given bv Hardt and 
Rners are m agreement with those noted m these cases The patients are undulv 
introspective and nervous The} are irritable and complain of trifles There 
is headache, nausea and vomiting, dizziness vertigo and lightheadedncss Thcv 
complain of aching pains in the muscles and joints There is weakness follov ed 
bv absolute prostration They become apathetic, drowsy and are aroused v ith 
difficult}', and finally tetan} and convulsions supervene 

Me Vicar, 13 following the w r ork of Browm, Eustermann, Hartman 
and Rowmtree at the Majo Clinic, reported a studv of thirty cases of 
obstruction in the upper gastro-mtestmal tract, and emphasized the \alue 
of a characteristic blood chemistry namely, the rise in the blood urea 
and carbon dioxide and the fall in the plasma chloride, in the diagnosis, 
prognosis and treatment He pointed out that tetany mat be anticipated 
w'hen the carbon dioxide combining power of the plasma is found to be 
above 100 per cent by volume 

9 Myers, V C Chemical Changes m the Blood in Disease I Nonprotem 
and Urea Nitrogen, J Lab & Clin Med 5*420 (April) 1920 

10 Bmger, CAL, Hastings, A B, and Neil, J M Edema Associated 
with Moderate Bicarbonate Administration During Convalescence from Pneu- 
monia, Arch Int Med 32:145 (Jan) 1923 

11 Kast, L , M}ers, V C, and Schmitz, H W Clinical Conditions of 
Alkalosis, JAMA 82.1858 (June 7) 1924 

12 Ellis, A W M Disturbance of the Acid-Base Equilibrium of the Blood 
to the Alkaline Side Alkalaemia, Quart J Med 17 405 (Julv ) 1924 

13 McVicar, C S A Discussion of the Clinical and Laboratorv Findings in 
Certain Cases of Obstruction in the Upper Gastro-Intestinal Tract The Role 
of Blood Chemistrv m Diagnosis, Prognosis and Treatment of this Condition, 
Am J M Sc 169 224, 1925 
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Extraordinary “neivous and mental symptoms due to alkalemia and 
renal insufficiency, following obstruction in the legion of the pylorus 
and the alkaline treatment of duodenal ulcer” have been reported by 
Houghton and Venables 11 Uremic symptoms with epileptiform con- 
vulsions in pyloric obstruction m patients in whom alkalis were not used 
weie attributed by Houghton to loss of hydrochlouc acid in the vonntus 
and a toxic degenei alive nephntis with letention of nitiogen These 
authors apparently emphasized the nitiogen letention m the blood rather 
than the alkalemia Then laboiatoiy data include only figuies for the 
blood ui ea which was elevated m all cases The toxic nephritis has been 
attnbuted by various authois to a specific toxin entering the circulation 
from the wall of the obstructed duodenum The increase in the urea 
and nonprotein nitrogen in the blood, however, has been observed in 
parents both with and without any obstruction m whom marked 
alkalosis was present There was obsliuclion in only one of the seven 
cases reported by Venables It seems likely that at least a part of the 
increase in the nonprolem nitiogen is due to a systemic change with 
excessive protein desliuclion rather than the result of renal retention, 
though m the most seveie foims of alkalosis a well defined nephritis 
occurs as a part of the intoxication 

Last year Joidan 15 lepoited obscivalions on the carbon dioxide 
chlonde and calcium content of the blood of foity-one patients -with 
peptic ulcer undei Sippy treatment She concluded 

It is suggested bv the estimations made that the acid-basc equilibrium is at 
first somewhat disturbed b\ the influx of alkalis, but, within a few dais, le\els 
of chloride and carbon dioxide content which approach normal arc reached, and 
in the large majoritj of cases there is no chemical or clinical disturbance 
due to alkalosis In the small percentage of cases that show clinical signs of 
alkalemia the carbon dioxide content shows a marked rise, the calcium content 
tends to rise, and the plasma chloride to diminish The level of carbon dioxide 
content at which sjmptoms appeared m these cases is 70 per cent b\ aolumc 

Koehler ,f lecently lepoited some interesting observations on four 
patients with lead poisoning who were nlkahm/ed foi a considerable 

14 Hut st, A F Houghton, L W, Venables, J F, and Llowl, N L 
Nervous Symptoms Due to Alkalacmia and Renal Insuihcicnca Following Obstruc- 
tion in the Region of the P\lorus and the Alkaline treatment of Duodenal Ulcer 
Introduction (Lloyd) A Three Cases of Toxemia Following Obstruction Near 
the Pylorus (Houghton) B Seven Cases of Alkalosis Following Alkaline 
Treatment of Duodenal Ulcct (Venables) C Two Cases of P\loric Obstruction 
with Alkalemia and Renal Insufficiency but No Ner\ous S\ mptoms (Llo}d), 
Guy’s Hosp Rep 75 147, 149, 152, 157 (April) 1925 

15 Jordan, S M Calcium, Chloride and Carbon Dioxide Content of Venous 
Blood in Cases of Gastroduodenal Ulcer Treated with Alkalis, J A M A 87 
1905 (Dec 4) 1926 

16 Koehler, A E The Effect of '\cid and Base Ingestion upon the Acid- 
Base Balance, J Biol Chem 72 99 (March) 1927 
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period Forty giams of sodium bicarbonate or an equivalent amount of 
sodium citrate were used daily With this therapy, a blood />„ of 7 50 
to 7 55 could be maintained for seveial weeks The accompanying 
carbon dioxide content varied between 65 and 70 per cent by \olumc 
The amount of sodium bicarbonate used m the loutine Sippy tieatmcnt, 
that is, in the aveiage case, is a little less than that used by Koehler m the 
treatment of persons with lead poisoning but the total amount of alkali 
used m the tieatment of persons with ulcer is at least from 10 to 20 pei 
cent gi eater That the symptoms of acidosis and alkalosis may be sunilai 
was pointed out by Myeis and Booher, 17 and Koehler 10 strongly empha- 
sized this point He stated “In our study practically every symptom 
elicited during acidosis was noted during alkalosis, namely, loss of 
appetite, lassitude, listlessness, headache, nausea and diowsmess ” 

PRESENT STUDY 

This study was primarily undertaken to determine the effect on the 
blood chemistry produced by the alkalis administered in the treatment 
of persons with peptic ulcer Other incidental pioblems came up in the 
course of the study We were interested in finding out how frequently 
the clinical symptoms of alkalosis accompanied definite changes in the 
acid-base equilibiium We also made some study of the effect of the 
various alkalis used in the loutine treatment, the effect of vomiting and 
aspiration of large quantities of gastnc juice and the shift of the acid- 
base balance aftei relief of pyloric obstiuction by gastro-enterostomy 
Consideration was also given to the blood chemistiy in conditions othei 
than ulcer of the stomach and duodenum In spite of the fact that 
there are only a few of these cases, they are of intei est in this connection 
because of one or moie symptoms m common with certain forms of 
peptic ulcer Some of these lesults aie included at the end of the 
general table (table 1) 

The patients used for this study were chiefly peisons fiom the 
medical wards who were receiving treatment for peptic ulcei In gen- 
eral, when surgical treatment offeied more than medical treatment, 
operations have been advised or uiged Obstruction at the pjlorus has 
been an indication foi surgical treatment as a mle, but when operation 
was lefused these patients with obstruction were necessarily treated 
medically and some of them, especially when they suffered from pain, 
received alkalis In oui treatment of patients with peptic ulcer we 
have attempted to individualize as much as possible 18 

17 Myers, V C, and Booher, L E Some Variations m the Acid-Base 
Balance of the Blood in Disease, J Biol Chem 59 699 (April) 1924 

18 Gatewood, W E Cooperation in the Management of Peptic Ulcer, 
J Iowa State M Soc 16 23 (May) 1926 



i2 

3 

*5 




O 









c 


s 



cq o 


O 



CQ 


«o 

c 

CQ 

*2 

3 


a 

*5 

CJ 


u 

k-j 

ca 

< 

H 


■*-» 

a 

o 

E 

B 

o 

O 


tr 

t/j 

C 

c 

tfl 

c: 

5 


•*-"0- ° 

0 o w 
>• ° 

to o u 
e y « 

1 §6 

oJ^ 

o 

c» 

o 

'C^: b 4 


m 

s 


g -> 
•Sgi 

«° : 
E » * 
£gt 

jSfc J 


E 

o 

s 
s s 

o ^ 
1 i 3 


O c ^ ~rz 


u \ 
a i 
o 


' c - 
o— 


: c 2 
£ 


o 2 c«2 
£ O E C3 
c ^ >, a 

o w O 

MO-oS 

r -1 KMy « 

*£. (j 

U c >-• 
o '- e* c 

.O -C S 

g 2 C 3 

g^wS 
P'S” a 
~ ~ c 

tii ► O ~ 

- tfi c #- 

^CS?3 

*2 «W O s 

~ O c U 

gcgl 

o o ►- 

•H 

a ^ ^ 
.0-^0 
“ ->e 

O - t O 


■- o» u 

S u tCjtf 

7 5 *2 

t-a^ S 3 *2 to 

g = °E5 

■ssS ".a O 

• * o *-» 

spu c. 
C g ✓ C 

~ G O J3 

c c ~ O O 





u^~ 


0) >/j O 


g 2 £ C tt 

O r *J o^- 

C.~ 




o B 
E-o E 
25 co 

H-< fcfl 


I| 5 

co 
o2 
.o ^ 

S2 

oo 


J c' 

j 


1%* 

^5 


CO 'I o 

=5 = 


■l-rt — I CO 

: c- o i~ — - n 


5 5= it! Sr, 

» lyt X-! u *»3 


Q c -*• i' 5 r- 4 , K: 

r< 5 i-r i- 1 - i- 15 c 

1*5 w i 3 l~ lT 5 i*n 


— O 


^ CO * 


^i»S 






>2 

' !"■ I 


^ ^?!2 


G -*-» 0 o r-< o cor * gd C 3 aj i~ c^ c o <r — o®*-cc^^: cc 

P ?,0 O — 1 r r t-00»- NCTj^-O '■'ON'5 — — i- O' cr> <*^ o 


S- 4 - * 

»-. s C 


~£ 


C0‘5 

O ^ -r «— 

I- 1- f- 


* *^***» * «• 

l ' , ^<5 ( 3 O r- ^ ^ J* '‘I — 

■.nNm^i^n !■*■ I- I— I'- «' i- 


Sees 


r — ?3 

I^S^S 


Cl OCOt’-C- 

» p*:ss^ 


wO i-xc/ 

~ c- c; e* c 


£ 2 Sg 5 


g =R£2? 

C ci-iac 




it- o r* d 


■» t- 1- -j 
, CI'i l 


^ S ^ ^ 

t- 1 > r- 1 - 1 - x- 1 - i- 1 - 1 - 


SEE HEEEES5EE ESSEEEE SEE EEEEE EEEEE 

s efts seftse 


’ C- '“C-- CJCCft! 


«C.-:rGc.r c-gg 


sas?ssJ?rsSs“ s"sa vreT ?fsf ^ 88 ^ 


Q 

o " 
co 

o 

“ s 


r» > ►» 

o o o 


O O j= E t X!J= A i 2 b b ; - i 

- - -■ — -■ — “ “ -■ - c. c. o o < 


OOO uojci.ci'co-r oo't>-^C.C. OOo OOOOj OOOjp 
A/UtT, fn fi, ?s ? -- ^-.^P ^pqfc;P 


.* *~ *~ ^ cjP 

* -- 

P 


O 


o 


o 

o 


K 

p 

K 

"3 


P 

a 


a 

o 


J2 

o 

is 


E= 

is 



I- e- 

© s 


OON 


©© 

§3 


>2300 co ^ 




© 1 


C- <01 t*- © © X- © CO r-< © © © l- © © *0 -»* C- © CONC-COffl C“r © © © © © ©CO © © cooler-* 

te £ li CONOCO© N15 t'- -f r-< ©1"' COO CO — • -r?) r -< CO © CO © *•* *T ^- © © *0 CO.- © ©©CO-1 

OO© —<©©—«© t'- O ©CD© 1> © w © ©t^ t- © iD © O © © t^© ir C 0 1- © >5 © *5 V- © O © *- 


O £l O SNHOOJ t-M *~ J-. 05 C3 

vr- —*<—“©——' 1 — — » < -- 

1- 1- 1- 1 ^- 


t^Ci © — 


* * * ****-* * * * 

© 1- ^ i m ^ o cob © c- cm r — - © Woo d© 

— ' — 1— — © -r -r — * i— ~2 — -re— r — — • — 

hNN t- i'- l- r- 1— i— r- j> r- 1- r- r- t- i'- i— »— t— f- r- 1— 


£££ ££• 
cs ft C5 c ^ ' 


£ £ £ £ 


« ft 




cl 5 m cm 


CM © © CM © £- N © © r 

CM UCO N 


- frl 


r- © — — go £1 ' 




a - - ^>>ua >> . . „ „ 

r: ft ft O O O o ^ O O ~ ft ft OOcio ^ ~ 


► > a o :: S.O i: = 2 = £? 

cj O w-w -r 0 ~ ~ — '. 


PS/SfqQi- J5^PO rtS C 




£'§'§■§ *§ - £ c £ £5Sft 
P^P- PH©©-- 


o 


tr- 

ee 


Q 

© 


o 

^3 

CM 


« 


DHu miiiiit ion made colorimetric illy 


on Scvctal Miscellaneous Conditions — Continued 


•=: . O tn 

5 £ r* C 
p tj o 


o.o 

•Sot: 

c 

— o — 
c G n 

o P 3 o 


S 5 


5 

iSS? 

•H O 

tr T 

njr o 

c; c: c/i G 

^ .on 
*5 tn”c 53 

9 = =— 

c 12 °?! 
o -£ 

= = §£■ 

= 2 ft!?! 

c c c 

■£^k,o 

° c o o 

T T — i/j 

o o t- o 

a o 

£ e - g 

K O c O 

to* g is 

O r-1 G t/ 

**• . *c ^ 

t£ 

~ t£ 

r CD £ es 

f^' 

2 ? 2 c; 

c 


C- og o 

g* je * j 

CCD CJ I* 

= s s 

Sb,e cN 

•eg-Bife 

O c c* 2 = 

£D « ?d 

CJ,° _ A 

~^E<i£ 

o s qw 

C »£ o 

o£S ^ 2 

.geo 

ri tX3 tn ~ f " 1 
C t - 1 
~ te^ 

OK' - U 

1 d “Is 

«s‘S ■= 

^ « .«»w 

■ e e t; 

2 ,§ >1 £ o 

olse-g 

e -■o 
C ^ - cj - 
£ £ -S S 
? 2 >3 ~ 

Js^EE 

. vZct 
c J 

• | = F 3 ‘c 2 

„ = ?; .»,“ - 
t c „ SZ *- o 

- = = s » s 

*J rj O — r- — 

- O £ 

t£*3 »° 15 

o ocr u P 
P 


O V) Vi 

*p — >-*• 

“5 g 
5 o - 

IT C O 
■§££ 
TO o 

Or- O 

|R < 


o O 
J=! o 
3 fcg 

T *5 O 


T £ C 
O .« -o 
S 53 v 
P O 


s B 
& 


0 

c o 
— cS 

1 ii 
«=£ 


Sj Jj 0^3 % 0 
T “£ *) *~*er cr 

- C ^ O 5 c 

- *s «« ~s 

c cS erf ca 

O C ^ v - O P 

T T C T T S 
C O ^ CT O r-, 
S s v a C ~ 11 
p p a p 


c- O • 

O O c tc 

Ss ^ 58 


f- O r- — 
-OCN 

1-1 Ti - i ci 


a , 

«S S a txj 
5 oii^ 


O O ''l l«- 


— m ^ — — t- 


*1 — u-» ^ O 

c- 1 * t- — 


— ~1 « — ^ I- 


S- s? S 

to ^ c - c 1 


10 O cri 


? S OQ I- S ? ^ 

5 0 »* 10 iO 0 IT IT 1* 3 


COr-« r-< O O O O O 1- l * 1 C- CO C CO t-« 

!oS° 1 - 1 = »" 5 ???f'' 5 G' 2 i;G feS gp n 

I 


J*- rr-C ' 

S b P K 


— *- CD 

Sr: P 


c HM a i **“ 

ess ss 


•^■2 = SfS 22 SS 2 ?«| 5 t 2 dd 22 ?< 22 ®2 0 2 2 22 2 2 ‘* 2 

.S C '* I' M«M>t-M-l'M. 1 ' I' 1 - t~ I— 1 - I— t— *— 1 - t'b- t' 

r4 “ 


= 2 P £? 

N NN 


o « S 

§ tfs 


*-* 00 
r* u u 

O 00 


EE gSiSJsSJ E £ E 5 E EHE 25 E 5555 ESH 

&- nnnr<T-. [ . £ ,- Cir c _ _ & s K r c. “ft c 

^ef eJc'Di SH cd*' -D*~ el —c" c- o t-d 1- oi~^f cd otd — 

Hri r- 1 r'l ri c5 nnCIcl N« i-cl Cl 

■g g JbcacsBBii > Vi eiu O £ D cii — 

o o c> o o c oooojT - o 

<:c y a p pp p s* asa w ^ 


ccc cc 
O, o. cr c,cs 
-Too O' CO O 


t- J_ M M 
- CS.& &C. 


r - 

r~A 

(H 

r' 

rO 

k— < 

rO 

w 

r- 

rO 

•-H 

r - 


•— « 

<\ 



t*' 

27 


to 

A 1 

O 

ft 

Sr 

CO 

-r 

0 

0 

Cl 

C «3 

CO 


10 

-r 

CJ 

Cl 


Cl 

CO 

■*^ 

Ph 


fU 

a 


h 3 

« 


p 


HH 

H-t 

fc 

& 

O 


c 


O 

T 

w 

P 2 

« 


fH 

M 

?-. 

O' 

a 

Dt 

Cl 

’■'I 

CO 

C^ 

Cl 


Cl 

?! 

cl 

CO 

CJ 

CO 





2 

5 


c 


-a 

O 

"5 


55 

g 

Si — , 

£ 5 

tel S 


c- o 

<o , c 

S | 

v, 2 

<L 2 
^ — 

&, "5 

■5 c 5 
I «- 

<2 o 

~ t. 

§ J 

^ a 


i= — 
53 53 

53 - 

^ S 

5- 

H-, Co 

o 

►5 

c 

CQ 


53 

OQ 

i 

*2 

3 

3 

cs 

"3 


w 

p 

P3 


B jl 

g £ u s tc 
A & u 


. o 
: g 


*S 


r ®5S 

OP 


E 

o 


fcjQ 

G 


E 

o 


g 

o 

O 


o 

G 

feo 


— o - 

O u G _C 
u «-* 

p- t£- 


O = 

5-2 E 

3 °c 

H-t u: 


E-Sd 1 

V Xr^ 

<r ° 


— _c — ~ 

I|=|I? 

c B 

O G - 

£ < § 


s 

M 


tfl 

G 


C* 

> 


uO G 
tc g gj 

G o O 


.O 

O 


W G G. --• 


G G 
G O _ 

O r- c 


= G 

o 5 


G3 

O 


P 

O 


■G •-< U 
tfl 2 *•* 
~ c/} 

^ “ § 


G C _ 

25c 


o_*j 

0*55 


s P c C S 


f/j c/i 

P P 
O O 


t- 

G 


O 

u 

G. 


G 

O 

P. 


G 

G O 
O o 


G 3 


r 5 

o _ 

t/i o 

£i2 
-*-* >»✓ 


r§ 

O * 1 

p. - 


<v 

C/J 

O 

u 

✓* 

o 


P 


o 


2 g a 


O O 

~ »_ 

E ?G *- 

5 c 5 

S 5 y 


u o 

o t- 


t/" p; 


-GO 

tfl 

rr o 

2° 
O W 

G 
c; ^ 
^ ft 

t/2 _ 

G 5 
O G 

2 P 
G v 
“ C 


5 Go O 

o ^ ri ,j 

B® fll8 
to^ 

o: a 

■*■» 

^ ^ c 

o ~£ 

- ^ 

r^j + o 
^ tc 

<Z ^ n ^ 

G 0’S ° 
£> 3 


S= G? 


o S£ 

3 £ ~ ’ 


w U 


d ~ c ~ — G 

<y u ^ c 5 ** 

j - •£ _ 


- O 


sa 

o 


+ 

rj 

fc/> O O 

•z t-~ a 4 - 

— O 55 J ri 
C . 

O 3^0 ® 
»"* ^ C ^ ^ 


G *“> 


G^-=G « 


-Oj.a^GGgG O G 

= m g c gcEg ft t; S 


o -W - o 

++ 5*1 / r- -*_i 

c; C Oi 
wT*-* 

o _ ° > o 
s c «2 e 
o ° o 3 

_CO_C.S c 

o >< a o o 

. X U r; U 


c G 
G S G 
£ 2 o 

^ *» tr 
O O o 


O 

C3 


G G G 
COO o 
G C ^G G< C 
O o ^ o H 


O O 0 0^0 


G C 
G G 
O *G 


G C 
<~j 3S 
C -r 


G 

C 


J 


C 

c 


2 5 §^l 

- H C - 

° G 

o 

zf k-r ^ ^ 
G c ^G 3 

o 

C-G G © © 
^ C O £ G 

G E *G ^ 

55 sc« 

Sl^gg 

^ /• 


w G 


1 §- 

— ^ 3 C 

u G o 5 

3 G j ** 

^ ~ cJC 

ft G^G o 

= £ o 2 

l^§ 


^ ^ £1 J= t ^ 

c« »r 6 i rf B *-» 

O H ~ ^ g. S £ 

i_GGG-ft 
■GGO^G g 

5 * ^ ^G-W^ 

G ~ 


- . 0*G, c/ 

fc O C^GT^ 


x-^C 

T ^ y r* 


J 

h 3 

c i: £ © o 

= ^ y C5 u 

g t-r 


O 
u 

sj G 


t- O 

» s 


ft »o i- i- •— r- — 

P ^ ti ^ £5 C H ir S 3 


O *- i*J 5 O I-* 1 - O 

I— Cl *“) '■I- “1 — 


'“•l — 

?i - 


ft ^1 -r Cl CD *1 ft 
1- O Crj ft ft 


fi 


S 3 P 


P *» r ^ — 


ffl 


£ 8 j: it R Ps:gS§ca S ^ sggrrs 

1 » x ft »** ft ,-ft s ft 5 ft ft ft oS ft o ft bS«ft ft 


0 

*■“< 

r-_ 

ft 

0 

r* 

Xl 

ftCO 


0 c 

<r 


^1 C" 

/■_ — 

CO 

O 

0 

OOft ^ 

ft 

CO . 


0 

ft 

*r 

ft 


ft 

ft 

? 

!2f 



!- 

1“ 

C 1" 
1- ft 

3^ 

f'* 

ft 

ft 

8 

3523? 

1* 

CO 

3 ! 





* 

* 

* 
















K 

P 

O 

-r 

- 

C; 

S2 

CO 

N ft 

C5 

c- 1- 

-r 


C3 

p 

=gj 

C“ 

R 

3 

OO ft O 

ft 

p 

. 1 

>» 


N 

I'- 

1- 

N 

1- 

N 

1- t- 

t- 

1- l- 


f- 



ft 

t_ 

ft 

1- ft ft ft 

ft 

ft I 

0 

U 

g 

E 

c 

G 

G 

G 

G 

5 

G 

G G 

G 

- 

G G 

G G 

G 

- 

= 

G ScS 

G 

s 

u 

c 


a 

ft 

a 

G 

e 

« 

— 

G 

G — 

zs 

C 

c. - 

G G 

G 

c 

G 

G G — ** 

G 

G 

u 

Q 

£ 

tS 

Cl 

l^ 

-r 

ft 

s5 

0 

r>T 

Cl 

F_ f_ 

Cl 

cr 

27 

1 

cr 

52 

0 c- 

'■'I 

Cl ’’"' 

i-T 

C' 

£ 

^‘svr 

cT 

ft ! 

0 

0 

CJ 

XJ 

J3 

X3 

u 

u 

ft 

rc ^ 


Cl 

r. 


G> ~ 


u 

> 

E 

^ *» p* 


> 

4) 

cr* 

0 


O 

c. 

C. 

O 

O <y 

0 

0 0 

G 

G 

0 ~ 

O O 


0 


0 0 0 © 

O 

0 


G 

U 




< 



/ 

^p 



P^ ft 

o/- 

ft 

/; 

P 


/; 


G 

ft 

0 

<S} 

ft; 

ft; 

ftl 

ft; 

ft 

ft; 

ft 

ft 

ft 

ft 

PM 

ft 

ft 

ft 

P 

ft 

P 

P 

ft 

ft 

ft 

ft 

ft 

ft 

G 

O 





















G 

Age 

PJ 

N 

s 

•t* 

1- 

cc 

0 


Cl 

ft 

p 

ft 

t'- 

0 

1- 

M 

co 

CO 

ft 

(C- 

Cl 

3 

0 

ft 

iM 

O 

M 

c5 

CO 

1*0 

s 

U 





















O 

4-J 

O 

t/J 

w 


CS3 

C/3 

G 

« 

« 

►i 

H 

O 

►M 

0 

O 

•-^ 

0 

P 

P 


>■ 

P 

ft 

O 

>"3 

h3 

i 

CM 


w 

P 

0 

< 


0 

P 

U 

p 

P 

P 

^0 

p 

¥ 

t- 

CO 

■*T 

Ci 

ft 

8 

»c 

Cl 

ft 

?? 


ft 

ft 

G> 

ft 

r— 

t* 1 

f? 

e 

ft 

8 

S 

Cl 

CO 

8 

3 

ft 

CO 1 




GATEWOOD ET AL— ALKALOSIS IN PEP 1 1C Lit Eli 89 

i 

Clinically, one of us (W EG) noted the symptoms and signs of 
alkalosis foi a long time before he appi eciated then significance or 
even suspected their cause In a review of the end lesults in se\eini 
bundled patients with peptic ulcer tieated by the Sipp} method 1 ’ it 
became evident that many discontinued the tieatment shoitly after leav- 
ing the hospital “because the powders made them sick ” In oui discus- 
sions with such patients, we have often felt that this was a mattei ot 
prejudice or distaste 01 only an inconvenience Many such patients were 
consideied neuiotic and the headache, distaste foi milk, subjective 
numbness and tingling of the hands and feet, aching of muscles and 
geneial “neivousness” weie believed to be functional and independent 
of the treatment, even though the patients usually blamed the alkalis 
In this study of individual patients under treatment we have been able 
to find, in at least a pait of the cases, some changes m the blood which 
seem con elated with their clinical symptoms We have also shown 
that these chemical changes could be pioduced by the alkalis and that 
the blood might become normal when the alkalis weie stopped In 
certain cases, theie were other factors in addition to the powders which 
produced alkalemia In some patients the intolerance to alkalis was only 
tempoiary, the disagieeable symptoms often disappeaung without any 
change in the management The study of the blood chemistiy 
followed m a numbei of cases over several months, indicates that the 
alkalemia may decrease or disappear after a time In some cases the 
symptoms of alkalosis appear eaily, even within the fiist twentv-foui 
houis when alkalis are admmisteied, as in the Sippy routine Moie 
commonly the symptoms and the changes in the blood chemistiy appear 
much more gradually and eithei appear or become most marked aftei 
a week or ten days of the alkali treatment If the symptoms have not 
appeared within the first two weeks of this management, they are not 
likely to become manifest later To avoid clinical alkalosis and other 
complications in the medical treatment of persons with peptic ulcer, it 
has seemed advisable to keep all patients receiving the large doses of 
alkali under close observation, prefeiably m the hospital for at least two 
weeks After this trouble m management was experienced, ceitain 
patients, particulaily those with obstruction who had previously lefused 
suigical treatment, finally agieed to allow the perfoimance of an 
opei ation 

It is not our purpose heie to discuss the lelative merits of medical 
treatment with and without alkalis In general, the Sippv form of 
management 19 was employed m the medical treatment of persons with 
peptic ulcer in this hospital It is a widely used form of tieatment, 

19 Sippy, B W Ulcer of the Stomach, Nelson’s Loose Leaf Medicine 5* 
238, 1920 
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but we do not believe that many physicians give sufficiently large doses 
of alkali to neutialize completely the free acid in the stomach In the 
senes of cases which we have studied, a consistent effort has not been 
made to conti ol the free acidity so completely The general principles 
of the Sippy management have been emplo)ed, hourly feedings with 
alkali powdeis having been given midway between the feedings and for 
foui, 01 m some cases, five doses aftei the last feeding The dose of 
alkali powdei has been what may be termed the average dose as outlined 
by Sippy in lus publications In perhaps half of the cases studied, the 
fiee acid was completely neutiahzed Raiely has the amount of alkali 
given in twenty-four hours exceeded the average or routine dose In a 
few cases, when aspiration tests did not show free acid in the gastric 
juice, the dose was decreased When an increase m the amount of 
alkali was made it was larely in the form of soda but, as lecommended 
by Sippy, m the form of calcium carbonate The average total daily 
dose of magnesium oxide was about 45 grains (3 Gm ), of calcium 
carbonate, 100 grams (6 6 Gm ), and of sodium bicarbonate, 310 grains 
(20 6 Gm ) This dosage applies to the average patient receiving what 
may be best teimed the routine management As indicated in the 
table, certain vanations were tiled with a number of these patients in an 
effort to study the effect on the blood chemistry produced by or 
attributable to sodium bicarbonate and to calcium carbonate Magnesium 
oxide alone without any other alkali could not be used in an) case m 
sufficient quantity to approximate the neutiahzing effect of the combined 
alkalis, and therefore the effect, if ail), produced b) magnesium oxide 
alone could not be studied Only an occasional patient could take as 
much as 70 grains (4 6 Gm ) of magnesium oxide without producing 
intestinal cramps or diarrhea In ten patients the effects of magnesium 
oxide and calcium carbonate, without sodium bicarbonate, w r ere studied 
Whenever sodium bicaibonatc w ? as omitted, enough calcium carbonate 
w f as given to neutralize the equivalent of the soda 

In those cases repoited by Jordan ir ' and also m those of Haidt and 
Rivers, 1 the patients w r ere probably receiving on the average somewhat 
laiger doses of alkali than the patients in our senes, because an effort 
was made by them completely to neuliah/e the fiee hydrochloric acid, 
as was always lecommended by Sipp) 

In our study, especially in those patients showing symptoms of 
alkalosis, we have observed some changes in the blood chemistry and 
relief fiom symptoms when sodium bicaibonate was replaced by calcium 
carbonate The only disagreeable lesult that w r e have ever noted 
clinically from the admimstiation of calcium caibonate is the tendency to 
constipation with the foimation of hard, diy and lumpy stools, a fecal 
impaction occasionally being produced Recently, Loevenhai t and Cran- 
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dall -° have advocated calcium caibonate «is the best antacid in the treat- 
ment of pei sons with peptic ulcer From our study it seems evident that 
calcium caibonate is much less pioductne of alkalemia than sodium 
bicarbonate It is obvious that if calcium carbonate and magnesium 
oxide aie given in excess, this excess should not lead to the piesenee of 
free alkali, as in the case of sodium bicaibonate Furthermore, the cal- 
cium chloride (and magnesium chloride) which is formed by the inter- 
leaction with hydrochloric acid in the stomach is piobably in a large 
measure leconveited to some insoluble foim, such as the caibonate or 
phosphate, m the intestine and the chloride ion reabsorbed At an) rate, 
this is what might be expected fiom the obsenations of Haldane, Hill 
and Luck J1 on the production of acidosis In the oral administration ot 
calcium chloride 

CLINICAL SYMPTOMS AND \ARIOLS CONDITIONS 

The chief symptoms obser\ed weie headache diousmcss, anorexia, 
nausea, vomiting, muscle-ache, nervousness and mental depression 
Othei less common nervous swnploms, such .is a feeling of 'weakness 
and faintness, subjective ‘ numbness” of the extremities, delirium rapid 
and irregular lespnation and maiked mutability were also attributable 
to the alkalosis 1 he symptoms of nausea and vomiting occurring in 
patients with p\loric obstruction might be considered due to tiie obstruc- 
tion and gastric irritabiht) When these sjmptoms paralleled other 
manifestations of alkalosis and increased with the administration of 
alkalis and wuth the alkahnit) of the blood and subsided when the 
alkalis were stopped, it seemed likely that these gastric swnptoms were 
at least in part due to the alkalosis These sunptoms occuricd m some 
patients without obstruction when the\ did not exist before alkalis weie 
given m large amounts The muscle-ache was a fan ly common s\ mptom 
Some complained of distress in the muscles of the back of the neck, 
or of pain in the calves of the legs and muscles of the arms, while others 
described the sensation as though then muscles were sole or as though 
they had an acute infection, such as influenza Headache is a prominent 
and fairly constant symptom In some instances, the headache w*as 
extreme and occuired m persons oidinaiilv not subject to headache 
It wns described by some as a feeling of gieat fulness and again, as 
if there were a band encircling the head Drowsiness occui red as a 
well marked symptom m five patients and, at least in some instances 
seemed independent of weakness At times these patients w'ould arouse 

20 Loevenhart, A S, and Crandall, L A Calcium Carbonate in the Treat- 
ment of Gastric Hvperaculitv S\ndrome and m Gastric and Duodenal Ulcer, J A 
M A 88 155? (May 14) 1927 

21 Haldane, J B S , Hill, R , and Luck, J M Calcium Chloride Acidosis 
J Physiol 57 301, 1922-1923 
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when addressed but would fall asleep at once, e\en befoie we lei t the 
bedside They bad to be aroused for food and medication In the pan. 
less well defined symptoms of “net vousness," depression, a feeling of 
maiked weakness, tingling and “numb-feeling” m the extiemmes ba\e 
been consideied as functional and not altnbutable to am plnsicul 
change in the patient Moie caieful obseivation convinces us that 
often these symptoms aie directly due to alkalosis Aftei a few r au\s 
they may disappeai spontaneously 

Age — As observed by Venables, 11 age seems to be a significant factoi 
m the incidence of alkalosis in patients leceivmg alkalis Definite swnp- 
toms as well as the changes that occui in the blood in alkalosis weie 
observed in thnteen patients with ulcers Their ages langed between 
33 and 75 years Two were aged 36 and one, 33 The most maiked 
symptoms occui red in a man, aged 53 He had a maiked pylonc 
obstiuction from a duodenal ulcer, but did not leceive alkalis The next 
most striking example of this phenomenon was seen in a man, aged 33, 
who had a duodenal ulcet that did not pioduce obstruction but wdio 
received alkalis that contained lelatively large amounts of sodium 
bicaibonate Neithei of these patients had any recognizable renal 
damage The younger of the two patients was so ill that on se\eial 
occasions the alkalis had to be stopped altogether but theie would be 
a return of gastric distiess when the alkalis weie stopped and he lefused 
operation The oldei patient w f as treated suigically as soon as his 
geneial condition pei nutted The aveiage age of these thnteen patients 
presenting symptoms of alkalosis w r as 53 years Four w r eie w r omen and 
nine weie men The aveiage age of the entue gioup in this stud} w'as 
40 years Nine were women and thirty-seven were men 

Obstiuction — Well maiked obstruction was present in six of the 
patients with typical symptoms of alkalosis These patients usual h 
received by lectal administration all of the 5 or 10 pei cent dextrose in 
physiologic sodium chloride solution that they could letam and often 
several intravenous injections of this solution, especially w'hen they weie 
being piepaied for opeiation This treatment, no doubt had con- 
siderable influence on the severity of then symptoms and the degiee of 
alkalenua 

Ncphiitis — Definite nephritis was not recognized in an} of the 
patients who later developed alkalosis Linder 22 pointed out that w'hen 
considerable renal insufficiency is present, there is evidence of failure to 
adjust the acid-base balance with the customar} delicac} It has been 
known foi some time that persons with an advanced form of chronic 

22 Linder G C The Effect of Mineral Acid on Acid-Base Regulation in 
Health and Nephritis, Quart J Med 20 285 (April) 1927 
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interstitial nephritis invariably suffer fiom an acidosis 23 We did not 
see any evidence of renal damage lesulting from the use of the alkalis in 
this senes of cases One patient, a woman, aged 48, had a slight 
hematuna for a day or two at a time when she also had symptoms of 
alkalosis, but there was no other evidence in the urine or m the blood 
chennstiy of renal damage In one patient in whom a nephrectomy had 
been peifoimed five yeais befoie oui observation, evidence of renal 
insufficiency was not found at any time In a considerable number of 
cases, routine determinations of phenolsulphonphthalcm were made, all 
of which were normal Fiequent chemical and nncioscopic exami- 
nations of the mine did not show evidence of nephritis There were 
slight elevations m nonprotein mtiogen m the blood, but none of the 
cases studied showed any marked ictention 

One patient, case 63 in the miscellaneous group at the end of table 1, 
who did not have an ulcer or any other gastro-mtestmal condition but 
who was under tieatment for a chronic diffuse nephritis, was given 
calcium carbonate m large doses foi several days, chiefly to determine 
if m this pei son with a well defined nephritis an alkalosis would result 
A change w^as not produced in the icnal cfficicnc}, at least during our 
period of observation He did not suffer any inconvenience and we 
did not note any change in lus general condition The protein mtake 
w f as restricted to 40 Gm and the diet w f as “salt-free ” He had slight 
edema both before the admmistiation of the calcium carbonate and 
while receiving it, and there was no appreciable \ai nation in the edema 
or in the fluid output 

Tetany — In none of our patients was tetany obseived At times 
when handling patients wuth marked obstiuclion and intense vomiting, 
we have noted this phenomenon but ha-\e not made a stud) of the blood 
chemistry in such cases as m the gioup heie described The occurrence 
of tetany in patients with alkalosis has been discussed by McVicar 13 
and in the lepoils from Guy’s Hospital by Hurst, Houghton, Venables 
and Lloyd 14 

The Appeal ance of Symptoms — We w r eie interested in seeing how 
quickly the effects of the alkalis on the blood might appear and dis- 
appear In some instances the first symptoms, usualh headache and 
anorexia, appeared as early as the third day of alkali therapy Less 
definite evidence of alkalosis, accompanied b> a fan ly definite alkalemia, 
may occasionally occur on the first da} Usually the w r ell defined symp- 
toms of alkalosis did not appear until from the sixth to the eighth day 
Often the milder symptoms disappeared entirely without any change in 
the treatment It w ? as noted that wdien symptoms did occur they 

23 Chace, A F, and Myers, V C Acidosis in Nephritis, J A M A 74 641 
(March 6) 1920 
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inci eased dm mg the day when alkalis were admimsteied The patients 
who had seveie headache might feel well in the morning but by 3 or 
4 o'clock in the afternoon would have a raging headache When the 
tie atment tvas continued, this might be a daily occurrence The blood 
became moie alkaline at the end of the day when the loutine determi- 
nations of alkali were being taken and as a rule returned to a more 
noimal condition in the morning befoie the admimstiation of the alkalis 
was lesumed (table 3) 

LABORATORY AND CLINICAL STLDA 

The analyses of the blood included estimations of the />», both 
colorimetucally and electiometricall) , the caibon dioxide content, the 
plasma chlonde, the serum sodium and the inorganic phosphorus of 
the serum or plasma, m addition to such moi e oi less routine anal) ses as 
those of the hemoglobin, nonpiotein and urea nitrogen, uiic acid, 
cieatnune and sugar Foi the determination of the />,„ carbon dioxide 
content and chlorides, oxalated plasma separated under oil was employed 
Electiometiic determinations of the pn wcie earned out at 38 C and 
the colorimetnc determinations at loom temperatuic and corrected to 
38 C The technic emplojed for these deteiminations has been briefly 
described elsewhere by M\ers and Munlwylci - 4 The Van Slyke- 
Stadie method was employed foi the carbon dioxide tbe M)ers- 
Shoit J0 method for the chiondes and the Kramer-Tisdall * T method for 
the sodium (Although we t\ete able to obtain quantitative reco\eries 
with added sodium, oui lesults appear to be a little low It is believed, 
however, that they aie comparable ) As a routine, all of the blood 
specimens were taken in the eaily morning (from 6 to 7 a m ) before 
food or alkali had been given, obviously at a time uniaxorablc foi the 
detection of a mild alkalemia As has been pointed out b) some authors, 
theie aie likely to be minoi changes m the blood reaction after the 
ingestion of a meal, as hydiochlouc acid is secreted in considerable 
quantity into the stomach In peisons with obstruction or marked 
hypei secretion, this accumulation of acid m the stomach and conse- 
quent shift of acid-base equilibrium may be independent of the admin- 
istration of alkalis In order to bung out the influence of alkali 

24 Myers, V C , and Muntwvler, E The Colorimetric Estimation of the 
Hydrogen Ion Concentration of Blood, I Biol Chem 78 245 (June) 1928 

25 Van Sljke, D D, and Stadie,W C The Determination of the Gases 
of the Blood, J Biol Chem 49 1, 1921 

26 Myers, V C, and Short, J J The Estimation of Chlorides in Blood, 
J Biol Chem 44 47 (Oct ) 1920 

27 Kramer, B , and Tisdall F F \ Simple Method for the Direct Quan- 
titative Determination of Sodium in Small Amounts of Serum, J Biol Chem 
46 467, 1921 
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administered during the day, the blood specimens ueie again taken in 
the late afternoon or eaily evening m some cases In most of the cum> 
studied, deteimmations weie made before any alkalis were udmmistued 
and again aftei a week 01 more of treatment with alkalis 

About two thuds of the patients with ulcei studied at come time 
showed either a high bicai bonate value or p H 01 both Of these, t\\ent\- 
one cases (out of the total of foity-six cases) showed an uncompensated 
alkalosis, if electi ometnc p H values of 7 48 or above ma\ be taken as 
a leliable guide Some of the moie peitinent figures in these cases 
aie summanzed in table 2 Four of the twenty-one cases (3, 9, 11 and 
12) with high pH values gave noimal figuies foi caibon dioxide content 
(from 58 to 66 per cent by volume), and might have been missed, 
if the deteimmation of pn had been omitted Seventeen of the patients 
(table 1) with carbon dioxide contents ranging fiom 68 3 to 94 0 pei 
cent by volume gave p H leadings ranging fiom 7 39 to 7 46 and theiefoie 
at the tune of these determinations belonged to the compensated vai iet\ 
of alkalosis 

It has been recognized foi some time that with the maiked use in 
blood bicarbonate m “high up” intestinal obstiuction theie is a cone- 
spondmg fall m the plasma chloiide Joidan 35 called attention to a 
similar change after the admimstiation of sodium bicai bonate This 
change stands out strikingly m our series of cases A gioup of ten 
unselected patients with high figuies for caibon dioxide content give 
an average plasma chloiide of 558 mg per hundred cubic centimeters 
as compaied with an aveiage of 591 mg fiom fifteen analyses made 
in pei sons with normal caibon dioxide content, a dififeience of 33 mg 
It is of further interest that the patients with high figures for the 
carbon dioxide content but low plasma chloiide showed an aveiage of 
327 mg of sodium per bundled cubic centimeteis of serum, compaied 
with 311 mg foi the othei senes of cases 

Clinically, as has often been observed by othei s. we noted the dis- 
agieeable symptoms of alkalosis most commonly when the plasma 
chloride was low and saw a marked impiovement in the general condi- 
tion of the patient when sodium chloiide was administered, especially by 
the intiavenous route This piocedure should be emplojed as a routine 
in the prepaiation of patients with pyloric obstruction for opeiation 

Somewhat less than half of the patients exhibiting an alkulemia of 
eithei the compensated oi uncompensated variety showed a slight ele- 
vation in the nonpiotem or urea nitrogen Theie did not appear to 
be any relationship between this and the severity of the alkalosis 
howevei 

Eight patients (cases 1, 6, 7 15, 21, 33, 35 and 37 in table 1) nith 
p} lone obstiuction were studied before and after operation In general 
patients with pylonc obstruction, especially if it is of high grade are 
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transferied promptly to suigical treatment if they will consent to 
operation Before opeiation they are piepared in accordance with the 
principles outlined by Berkman 28 In seveial of these patients with 
obstruction, operation was absolutely lefused and it was necessary to 
treat them medically In most of those patients with obstruction and 
well marked alkalosis before opeiation, the blood chemistry became 
essentially normal aftei lemoval of the obstruction In the patient with 
pylonc obstiuction who is eithei vomiting laige amounts or is having 
frequent aspiration and gastric lavage, the loss of large quantities of 
acid in the gastric juice and the failure of adequate amounts of chloride 
to reach the small bowel lead to alkalosis The administration of alkalis, 
particularly sodium bicarbonate, to such patients, as is frequently done 
if they have the charactenstic ulcer pain, further increases the alkalosis 
There is little doubt that soda should be withheld from these patients, and 
that either calcium carbonate oi magnesium oxide or combinations of 
these two alkalis may be given with much greater safety As an essen- 
tial part of their treatment watei and salt must be supplied either by 
rectum or, if necessaiy, inti avenously or subcutaneously In some of 
these patients who are dehydrated and who have alkalosis, unusual skill 
and effort are necessary to supply these two simple but important 
substances, watei and salt The veins are often so collapsed that the 
ordinary injections are difficult The dextiose added to the solution is 
piobably of considerable value in supporting the stiength of the patient 
In the postopeiative period much may be done to save the life of such 
patients by continuing to supply an abundance of water and salt 

Gamble and Mclver 20 indicated that the content of chloride in gastnc 
juice is fairly constant and approximates that of the blood plasma If 
the gastnc juice vomited b) the patient with pyloric obstruction con- 
tains this concentration of chlonde, it is icadily seen that the depletion 
of the plasma chlorides is rapid when a liter oi two of the juice is 
being vomited each day Ramos and Fox 30 directed attention to the 
iole of water m maintaining the acid-base equilibrium and considered 
that dehydration promotes acidosis Koehlei 10 and others discussed 
the effect of starvation in pioducing acidosis It seems that some of 
these factors, m patients with obstiuction and vomiting, counteract 
others The effect of dehydration and starvation may m pait reduce 
the alkalosis The detei initiations concerning the blood chemistiy only 
serve as a paitial indication of the lesultmg balance, or imbalance 

28 Berkman, D M Preoperative Management in Cases of Gastric Retention, 
M Clin N Amer 5 411 (Sept) 1921 

29 Gamble, J L, and Mclver, M A Fixed Base m Gastric Juice, Proc Soc 
Exper Biol & Med 23 439, 1926 

30 Ramos, S , and Fox, G L Role de l’eau dans le maintien de 1’equilibre 
acido-basique du sang, J de physiol ct de path gen 2i 231 (April) 1926 
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REPORT or CASES 

Case 1 — G L, aged 53 jears, admitted to the hospital, Dec 27, 1926 lnd tin 
typical symptoms and roentgen-ray e\ idence of a chronic duodenal ulcer producing 
almost complete obstruction He had vomited large quantities of waterv material 
for about ten days and had rapidly become weak In the past two months he had 
lost about 25 pounds (113 Kg) In addition to the usual acid tvpe of distress 
and unusual gastric lnperperistalsis, of which he was conscious, he complained 
of marked thirst, dryness of the mouth, and at the same time nausea, anorexia 
and vomiting independent of the abdominal discomfort He volunteered the com- 
plaint of a steady dull headache which had been present for several davs, and 
mentioned that his muscles were sore, “as if he had been pounded ’ He was 
noticeably apathetic and drowsy He was vomiting several times a da}, and the 
balance indicated that the quantity of vomitus was greater than his total fluid 
intake The urine was scanty and contained a bare trace of albumin and a few 
hyaline casts At times a single emesis would amount to between 1,000 and 
1,500 cc In two specimens of vomitus, the free acid was 30 and 27 and the total 
acid, 45 and 52 It was difficult to puncture a vein either to obtain blood for 
examination or to give intravenous salt solution The blood specimen obtained on 
Jan 5, 1927, which was a few days after his most critical period, gave the highest 
pn value that we have noted at any time in this entire studv The value of 7 6 
“plus” is assigned, as the specimen exceeded even that figure in alkalmitv, a 
standard not being immediatel} available to compare with this surprising!} 
alkaline blood The carbon dioxide content of the plasma was also extraordinary, 
120 cc per hundred cubic centimeters of plasma The specimen was too small to 
determine the pn electrometrically or to make the other routine determinations 

This patient had not received alkalis for some time before admission and none 
after admission to the hospital He was given by rectum all of the normal salt 
solution containing 5 per cent dextrose that he could retain, twice, he was given 
about 800 cc of ph}siologic sodium chloride solution mtravenouslv and smaller 
amounts subcutaneously The stomach was washed out each night It was 
impossible for us to get satisfactory specimens of blood again before operation 
He was sufficiently improved so that gastro-enterostomy was performed on Jan 
12, 1927 He had been stuporous, almost comatose, and evidently near death for 
a number of days and after the operation his condition was not satisfactor} for 
ten days but by January 24, he was decidedly improv ed The carbon dioxide con- 
tent of the plasma was then 71 1 cc and the plasma chlorides, 0 55 per cent The 
patient made a complete recovery 

Case 6 — C S , a negro, aged 30 years, with symptoms of a duodenal ulcer and 
roentgen-ray evidence of duodenal deformit}, had been admitted to the medical 
service and after three weeks of instruction in the use of the Sippv management 
had been discharged with directions to continue the treatment His monthlv 
reports indicated that he was not getting along well At his first admission there 
was no evidence of obstruction He returned six months later with vomiting, 
visible peristalsis and evidence of obstruction He vomited large amounts of 
gastric juice, and retained food, but onl} infrequentlv During this second 
admission, while he was m the medical department prior to operation, the stomach 
was aspirated and washed each night, from 500 to 2 000 cc being obtained, the 
average amounting to about 1,100 cc He was not given alkalis for ten davs 
and on Nov 26, 1926 (table 1), was placed on magnesium oxide and calcium 
carbonate, without anv sodium bicarbonate The average total dailv dose was 
20 grains (1 3 Gm ) of magnesium oxide and 600 grains (39 Gm ) of calcium 
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carbonate The alkalis were discontinued four days before operation, and the 
usual preoperative measures for increasing the supply of salt and water were 
employed For more than a month he had refused operation but finally consented, 
and a gastro-enterostomj was done on December 14 lie made an uneventful 
recovery Seventeen days after operation, the blood was normal 'Vt no time 
were there any definite sjmptoms of alkalosis Although the analjses of the 
blood indicated moderate alkalemia and some chloride deficit, Ins condition was 
not materially altered by the use of the alkalis when soda was excluded The 
removal of the obstruction relieved the alkalemia 

Casi 21 — O P, a woman, aged 34 vears, presented the clinical picture of a 
duodenal ulcer with marked obstruction Bj vomiting and aspiration of the 
stomach, she was losing from 650 to 3,000 cc of gastric content daih, on the 
average, about 1,500 cc She complained some of headache, nervousness and muscle- 
ache m addition to anorexia, nausea and vomiting While we waited for her 
consent to operation, the treatment was chiefly the furnishing of plnsiologic 
sodium chloride solution bj bowel, aspiration and lavage of the stomach each 
night, and a soft diet three times a dav For two davs onl> she received alkalis, 
about 75 grains (49 Gm ) of magnesium oxide and 150 grains (10 Gm ) of cal- 
cium carbonate, without soda On account of the recogniml alkalosis, these were 
used onlv for the two dajs The analvses in the table indicate the marked 
alkalemia and low blood chloride content, due to the obstruction and vomiting 
rather than to the alkalis The change in the blood chcmistrv after the removal 
of the obstruction is remarkable 

Case 7 — W B W, a man, aged 67 vears, was admitted to the hospital with 
a diagnosis of gastric ulcer with slight obstruction He had lost considerable 
weight and had vomited moderatclv He was advised to have surgical treatment 
but did not accept this advice for several davs He was placed on hourlv feedings 
but without alkalis at first At this time, definite svmptoms attributable to 
alkalosis were not present Because of severe distress he was placed on the routine 
alkalis on Nov 25, 1926, and these were continued until Dec 5, two davs before 
operation He received on the average about 50 grains (3 3 Gm ) of hcavj 
magnesium oxide, 270 grains (17 6 Gm ) of sodium bicarbonate and 70 grains 
(4 6 Gm ) of calcium carbonate a dav On November 29, four davs after the 
alkalis were started he began to complain of headache and muscle-ache and on 
the fifth day there were pronounced svmptoms of alkalosis with anorexia, nausea, 
vomiting, muscle-ache, apathv and marked drowsiness On this date the blood 
chemistry showed a marked change rather directlv attributable to the alkalis The 
blood had been essentially normal five days before, or at the time the use of alkalis 
was started, and now there were pronounced alkalemia, a considerable increase 
m the carbon dioxide content of the plasma, cspcciallv at the end of the dav, and a 
marked fall in the plasma chlorides On account of the pain this patient continued 
to receive alkalis, though somewhat less sodium bicarbonate, until he consented to 
have the operation In general, we have noted that there is more satis factorv 
relief from pain when soda is used than is secured from the other alkalis 

Because vve believed that sodium bicarbonate contributed more to 
the production of alkalemia than the other alkalis used in the Sippx 
treatment, vve made some effort to determine the effects of the alkalis 
when soda was omitted Clinically, some of those patients who com- 
plained while they weie being given the loutme alkalis became com- 
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fortable when the soda was replaced by an equnalent of the other 
alkalis Some of the patients v.ere given onh magnesium o\’dc ami 
calcium carbonate for a control period and then for about a week 
were placed on the routine alkalis containing the sodium bicarbonate 
Analyses of the blood were made at the beginning and end of this period 
In some of these patients although an appreciable alkalemia developed 
after soda was given disagreeable symptoms attributable to alkalosis 
did not occur In other patients this change m the alkalis produced the 
usual symptoms of alkaiosis (cases 3 1 5 9 17 22 34 and 39 in 
table 1) 

Case 3 — R. P v ith an uncomplicated duodenal ulcer, began to have s\mp om? 
attributable to the alkalis after he had followed tne routine (including sodium 
bicarbonate) for three da\s He complained of a dull, steady headache at first 
although he could scarceh recall ha\mg had a headache before He complained 
of nervousness and difficult} m remaining quiet in bed and stated that even thing 
and even bodv anno}ed Inm His muscles ached as if he v ere coming down v ,tn 
influenza He developed a distaste for milk and cream and tor other article? or 
soft diet. He preferred to be left alone and wanted the treatment stopped m tne 
midaftemoon In the mornings he would feel better and practical!} tree fre n 
the headache Each da} these s}mptoms seemed to grow worse He que-tio led 
the benefits to ne derived from such treatment Finalh the alkalis v ere tem- 
porarily discontinued ana he felt all right He was discharged from the hospital 
on alkalis but without am sodium bicarbonate At the end of six weeks he was 
again placed on the routine alkalis (including sodium Bicarbonate ) and again had 
tde same tram of s}mptoms the headache being the most troub’esorm. The 
olood chemistry determinations of Feoruary 11 and 12 indicate a fairh =e»ere 
alkalosis as the cause of these symptoms It seemed of especial interest to note 
that the alkalemia was less m the morning at tne time when his svmntoms "ere 
least marked The average daih dose of the alkalis while he o as on the rout.ne 
treatment v as 30 grains (3 3 Gm ) of magnesium oxide SO grains (52? Gm > of 
calcium carbonate and 290 grams (19 Gm ) of sodium Dicarbonate When the 
soda was omitted he received as the average daih dose 20 grams of m?gne«ium 
oxide and 280 grains (18 Gm ) of calcium carbonate and this represents ? lO pc^ 
cent greater neutralizing value This patient has continued the management v i fl- 
out soda for five months and has not had further trouble 

Case 22 — L H a man aged 35 }ears with an uncomplicated auooenai ulcer 
did not have symptoms of alkalosis until he was placed on rowcers contammcr 
sodium bicarbonate On February S before he took an} alkahs his Dmoo 
chemistr} was essential!} normal From February 10 to tne 17 inclusive re 
took as the average daih dose 50 grams (3 3 Gm ) or magnesium ox’dc arc 
120 grains (7 8 Gm ) of calcium carnonate. During this period the oni} impo-tant 
change noted in the blood chemistr} v as the fall m the plasma color ides On 
Februaiy IS he began to take soda the average daih dose of alkalis w tne ^c't 
three da}s Being 30 grains (3 3 Gm ) of magnesium oxide 60 g~airs (3 9 Gm ) of 
calcium carBonate and 230 grams (15 Gm > of sodium Bicaroonate The ncufanz- 
mg value of this combination is about the equivalent oi 80 grams (a— Gm i ni 
soda more tnan the previous dosage. At — o clock, on tne first aite-roon that s r < ca 
v 1 as given he began to have severe headacre and this continued each da} not 1 J e 
soda v’ as stopped, the headache was less intense m the morning b^t increased 
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m the late afternoon The urine on the third day of this treatment had a p a of 
7 85 at noon, of 7 90 at 3 p m and of 7 95 at 6 p in This patient was discharged 
on alkalis not containing sodium bicarbonate and he has not had a return of 
alkalosis 

Previous to making the study of the blood chemistry in this group of 
cases, one of us (W EG) noted that patients might feel well in the 
morning but might complain of distaste foi the milk, nausea, headache, 
diowsiness and general dislike of the management by the middle or 
latter part of the afternoon Some patients would omit the last two or 
three hours of their management We attributed this to a number of 
different things — distaste for the powders, dislike for the milk, souring 
of the nnlk (although the nurses and other patients assured us that 
the milk was sweet) or, finally , to lack of cooperation on the part ot 
these patients In this study we have seen some interesting changes 
in the blood chemistry between morning and night, when alkalis were 
given, and between night and morning as the patient exacted, the 
excess of alkali tending to restore the acid-base equilibrium to normal 

This is well illustrated by the data summarized in table 3 It will 
be noted that the p n and carbon dioxide content are always higher and 
the plasma chloride loaver in the evening than m the prea ions or following 
morning, the only exceptions being patients m whom the alkalosis was 
severe In such instances, the time interval does not appear to be great 
enough to allow' compensation 

In a few' instances, not recorded, the pn of the urine was followed 
but in all of these cases the kidneys were appaientl) readih able to 
excrete alkali As pointed out by Maers and Booher, 11 patients whose 
kidneys do not readily secrete an alkaline urine tolerate alkalis poorla 

ACID-BASE BALANCE IN SOME MISCELLANEOUS CONDITIONS 

The study of the blood chemistry has been somewhat extended to 
include other conditions which to us seem i elated 

The first group to winch we wish to call mention, the patients in cases 47 to 
52, w'ere all suffering from carcinoma of the stomach None of these patients had 
sjmptoms of alkalosis In two instances, cases 50 and 52, there was alkalcmia, as 
indicated by the determinations of />» In all of these six patients, the carbon 
dioxide content of the plasma w'as normal or subnormal and m all m whom the 
plasma chlorides w'ere determined there was a chloride deficit In three patients 
with considerable secondary anemia, as indicated ba the low hemoglobin content 
of the aenous blood, a deficient oxagen earning poaacr of the blood maj haac 
had something to do with the carbon dioxide content and reaction of the plasma 

In patients avith carcinoma of the stomach, there are a number of factors 
avluch disturb the blood chemistra When obstruction is present at the cardiac 

31 Myers, V C, and Booher, L E Obscraations on the Excretion of an 
Acid Urine in Alkalosis, Proc Soc Exper Biol 6L Med 22 513, 1925 
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end of the stomach or m the esophagus, probably the chici factor is the Xaihi’-- 
to ingest sufficient water, food and salt so that eventually there is a cnloride 
deficit and a tendency to acidosis With an obstruction at the pylorus tnere i' 
the additional factor of the loss of v.ater and secretions from the stnnpch it'eli 
Some patients, in whom the gastric juice has remained fairly normal v ith 1,-rue 
quantities of free acid in the stomach, ma\ present the same general picture as 
that of a benign ulcer at the pylorus with obstruction The patient in cast 10 
during life was supposed to have had a carcinoma of the stomach with p\loric 
obstruction and the condition was thought inoperable Postmortem examination 
re\ealed a large ulcer which had perforated at some time, probabh months before 
our examination, the floor of the ulcer being formed by the anterior surface of 
the pancreas On account of the patient’s age, the extent of the pathologic chmge 
and the poor general condition, it is doubtful if surgical treatment would have 
ottered him much benefit Howe\er, m our review of this case, v e realize that 
we should ha\e employed the administration of physiologic sodium chloride solu- 
tion and water more diligently 

Although the gastric juice of patients with carcinoma of the stomach otten 
contains little if any free acid, there is reason to believe that the chloride content 
of this juice is nearly normal Vomiting of large quantities of gastric juice In 
these patients may result in a depletion of the plasma chloride, though it is less 
productive of alkalemia than in those patients with peptic ulcer in whom the acid 
•values are normal or increased 

Cases 52 and 53 are much alike in our consideration, because the blood chem- 
istry is probably altered chiefly' by the restricted intake and the resulting star\?tion 
and dehydration 

Cases 54 and 55 are tabulated for comparison with the other cases ox car- 
cinoma The patients had late and rather generalized carcinomatosis v ithout any 
recognized involvement of the digestive tube Naturallv their food and fluid 
intake w r as somew’hat abnormal 

The patients in cases 56 and 57 who show little change in the elements oi the 
blood w r hich we studied, except a fall in the plasma chlorides, had se\ere diarrhea 
Because they w r ere severely ill their food intake was less than normal The fluid 
intake was above normal, but the loss w r as sufficient to produce some dehydration 

Cases 58, 59 and 60 are grouped together because none of these patients had 
any evidence of organic disease of the gastro-intestinal tract nor disturbance of 
the gastric secretions At the time of admission, only the carbon dio' ide determi- 
nation w r as made in case 5S We believe that the pn was probabh high at that 
time and that the plasma chlorides were much lower than when determined about 
two weeks later after the girl had been treated Her histor\ indicated that she 
had \omited “almost ev cry thing” for weeks before admission Because ox her 
obvious neurosis, we did not know how many of her symptoms and complaints 
were due to the general nervous condition and how many were due to an alkalosis 
resulting from the prolonged vomiting or regurgitations In case 60 the \omiting 
occurred almost immediately after any food or drink v as taken and the patent 
became extremely emaciated We had a great deal of difficulty m supplying 
adequate nourishment and fluids but ultimately succeeded m getting her up ana 
about 

The patients in cases 61 and 62 -vomited a great deal m the termn al stage - 
of pernicious anemia It would be difficult to tell how many of the.r sy mp‘om= 
were due to the nervous manifestations of the disease and failing strength and 
how many were due to the vomiting So far as ve know the actual c^Vridc 
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content of the gastric juice in such cases has not been determined The absence 
of free acidity' would probably lessen the tendency to alkalosis when severe 
vomiting occurs in such cases, and there are factors which would tend to produce 
acidosis 

The patients m cases 63, 64 and 65 had chronic nephritis The patient in 
case 63, previously mentioned, received larger doses of calcium carbonate than 
would ordinarily be administered to control gastric acidity Our purpose was 
to note any untoward effects produced bv tbc calcium carbonate in a patient who 
w'as known already to have advanced nephritis Wc did not note anv disagreeable 
effects There w-as no apparent disturbance of the acid-base equilibrium We 
obtained normal or slightly elevated values for the plasma chlorides, which may 
have depended on the diffuse or mixed nephritis Wc did not feel justified m 
repeating this test with the substitution of sodium bicarbonate for the calcium 
carbonate The nephritis was of the chronic interstitial type m both case 64 and 
case 65, and neither of these patients rccened alkalis 

Naturally, w'e cannot establish main facts from this small group of miscel- 
laneous cases but mention them because of their similarity to certain cases of 
peptic ulcer complicated by vomiting, obstruction, anemia and nephritis 

CONCLUSIONS 

A senes of foity-si\ patients with gastnc or duodenal ulcer has 
been studied, with paiticular icference to the acid-base balance A 
definite cori elation between the alkalenna m these cases and a group 
of clinical symptoms that arc cluefiv nervous in character has been 
obseived About two thirds of these patients at some time showed a 
high carbon dioxide content or p n or both, and twenty -one showed an 
uncompensated alkalosis, if elect! ometric p n values of 7 48 or above 
may be taken as a reliable guide Pyloric obstruction is obviously an 
important factor m the pioduction of alkalosis The suigical relief of 
the pyloric obstruction restores the acid-base balance and the chloride 
deficit in these cases 

When used in such amounts as ai e commonly employ ed in the treat- 
ment of peptic ulcer by the Sippy method, the alkalis almost always 
produce chaiactenstic changes m the blood chemistiy, even though the 
symptoms of alkalosis may not occur When calcium caibonate and 
magnesium oxide are employed without the use of soda in this manage- 
ment, alkalenna is decidedly less severe and the clinical symptoms of 
alkalosis are unlikely to appear, especially if the complication of obstruc- 
tion or vomiting does not occur The changes pioduced by the alkalis 
are most marked at the end of the day, and dm mg the night the condition 
tends to return to normal 

In this limited series of cases, there yvas no definite evidence that 
the alkalenna m the degree obseived by us was productive of any renal 
damage 

With the rise in the blood bicarbonate, there is a corresponding fall 
in the plasma chlorides The rise in the bicarbonate appeals to be 
accompanied in many cases by a slight rise in the serum sodium 
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The clinical symptoms of alkalosis are again brief!} described Mam 
of the symptoms which have previously been considered as functional 
are due to a disturbance in the nervous system secondan to the alkulcmu 
The importance of administering water and sodium chlonde to 
patients suffering from alkalosis and especialh as a preoperatne and 
postopei ative measure seems obvious but is again emphasized When 
patients who have been receiving alkalis as a part of the treatment foi 
ulcer consent to operation, the alkalis should be omitted for at least 
several days before the operation Dui mg this interval, the usual 
methods of forcing water and salt should be employed 

A miscellaneous group of nineteen cases has been discussed m 
connection with the alkalosis occurring in the treatment of persons v ith 
peptic ulcer because some of these conditions have similar featuies 
producing changes in the blood chemistry The number of cases m 
any particular group was insufficient to warrant am general conclusions 
concerning the blood chemistry of such a group as a whole 



TOTAL CHLORIDE CONCENTRATION AND ACIDITY 
OF THE GASTRIC CONTENTS 

A COMPARATIVE STUDY “ 

F D GORHAM, MD 
C MALONE STROUD, MD 

AND 

MAITLAND HUFFMAN, MD 

ST LOUIS 

Various proceduies have been lecommended foi measuring gastric 
secietion in man Ceitain English mvestigatois 1 have suggested that 
the total chlorides of a sample of contents of the stomach as determined 
by the duect Volhard method, after filtration but without ashing, is more 
accuiate than the acidity as an index to the amount of gastric secretion, 
because much or little of the acid secreted may have been neutralized 
They state further that a companson of the acidity, as detei mined by 
the Toepfer method, and the total chlondes gives information as to the 
amount of neutiahzation that has occurred However, this depends on 
the hypothesis that the chief souice of the chlorides in the stomach is 
hydiochloric acid, an assumption of fundamental importance and one 
worthy of investigation 

In this paper, we leport the results of a compaiative study of the 
total chlonde concentiation and acidity of the gastric contents m a series 
of cases presenting both normal and abnoimal conditions 2 

METHOD or PROCEDURE 

The morning after a night's fast, the contents of the stomach were 
aspirated The subjects were then given one of two test meals At first a 
shredded wheat biscuit and 400 cc of tap u'atcr containing 6 mg of phenol- 
sulphonphthalein w T ere used, but owing to the fact that such a test meal was 


From the department of internal medicine, Washington Unncrsitj School 
of Medicine 

+ This investigation was made possible by the financial assistance of Mr 
and Mrs J Herndon Smith 

+ Read in part before the American Gastro-Entcrological Association, 
Atlantic City, N J , May 3, 1926 

1 Baird, M M , and Campbell, J M H The Importance of Estimating 
Chlorides in the Fractional Test Meal Samples, and Some Experiments with 
the Duodenal Tube, Guy’s Hosp Rep 74 40, 1924 Bolton, Charles, and 
Goodheart, G W Duodenal Regurgitation Into the Stomach During Gastric 
Digestion, Lancet 1 420, 1922 

2 We report results only from a representative number of the many sub- 
jects studied Specimens containing excessive amounts of mucous or bile are 
not included Patients wuth gastric carcinoma are also excluded, due to the 
frequent presence of blood in the gastric contents 
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found to contain variable amounts of chlorides, a second test meal consisting 
of 400 cc of distilled water containing 6 mg of phenolsulphonphthalein was 
employed At a definite period (45 minutes) after the test meal, the stomach 
was emptied as completely as possible In certain cases on successive days, 
after rental of the contents of the stomach during fasting, test meals were 
given and the contents of the stomach removed at 30, 60, 90 and 120 minutes, 
respectively', after the test meal 

A comparative study was made of the free hydrochloric acid, total acidity 
and total chlorides of the contents during fasting and a similar study of the 
phenolsulphonphthalein concentration, the free hydrochloric acid, total acidity 
and total chlorides in a sample of the mixed chyme after the test meal The 
presence of excess mucus and the presence or absence of bile were recorded 
The free acid and total acidity were estimated according to the Toepfer method 
The chlorides were determined by the direct Volhard procedure To make com- 
parison easy the chlorides reckoned as sodium chloride are expressed as tenth- 
normal hy drochloride acid 3 

The factor of “test meal dilution” 4 5 was estimated in the following manner 
2 cc of a filtrate of the sample was placed in the cup of a Hellige colorimeter 
and made alkaline by the addition of 2 or 3 drops of 40 per cent sodium 
hydroxide The color w r as then compared against an alkalinized standard 
solution of phenolsulphonphthalein of the original concentration taken with the 
test meal 

In 1923, one of us (Gorham 4 ) described a procedure for estimating the 
dilution of the gastric juice by the fluid taken with the test meal and for 
determining the fluid motility of the stomach The principal of tins is as 
follows little, if any, water is absorbed in the stomach This is also appar- 
ently true of certain dyes, such as phenolsulphonphthalein If this is a fact 
and a fixed quantity of water (400 cc ) containing a definite amount of phenol- 
sulphonphthalein (6 mg) is given as part of the test meal, the percentage of 
dy r e concentration in a sample of the contents of the stomach at a given period 
after ingestion of the test meal may be interpreted to approximate the dilution 
of the gastric juice by the fluid taken with the test meal The total amount 
of dye solution remaining in the stomach at a given time after the meal is an 
index to the fluid motility of the particular stomach under given conditions " 

By “corrected acidity” and “corrected total chlorides” are meant the acid 
and chloride concentration in a sample of gastric contents after removal of the 
factor of test meal dilution 

Example — If the dye concentration in the sample of gastric contents is 50 
per cent of the dye concentration oi the fluid taken with the test meal, it is 
obvious that in 100 cc of gastric contents, 50 cc is water taken with the test 
meal, and only 50 cc can be related directly to gastric secretion 


60 degrees (acidity as ordinarily obtained) X 100 
= 120 degrees 


100 — 50 (per cent dilution) 


3 One-tenth gram of sodium chloride is capable of producing approxi- 
mately 171 cc of tenth-normal hydrochloric acid or vice versa 

4 Gorham, F D The Factor of Dilution in Gastric Analysis, J A M A. 
82 1738 (Nov) 1923 

5 This procedure is not to be confused with the method described in 1926 
by Bloomfield and Keefer (Arch Int Med 37 819 [June] 1926) They also 
used a dye, but attempted to make a quantitative estimation of gastric 
secretion 
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Tabic 1- — Data of Nonna! Subjects 


Corrected for 
'lest Meal Dilution 

A 



Phenol- 

Tree 



Tree 





sulphon 

Hj dro 



II j dro 





phthalein, 

cliloric 'total 

'total 

cliloric 

'J otni 

Total 



per Cent 

Acid 

Arid 

Chloride® 

Uid 

Acid 

Chlorides 

; lMlc 




Case 1 (M M 11 ) 





Contents during fasting 

0 

24 

01 




Negative 

30 minutes 

78 

5 

7 

24 

23 

32 

93 

1 pins 

GO minutes 

40 

9 

11 

37 

35 

IS 

01 

1 plus 

90 minutes 

10 

37 

30 

01 

40 

30 

101 

Trace 

120 minutes 

0 

•10 

70 

90 

40 

50 

00 

Negative 

ISO minutes 

0 

33 

44 

94 

>3 

44 

94 

Negative 




Case 2 (C 

M S ) 





Contents during fasting 

0 

12 

80 




Negative 

30 minutes 

r >2 

24 

12 

71 

50 

GO 

10G 

T race 

00 minutes 

30 

2b 

38 

72 

40 

74 

10-2 5 

1 plus 

90 minutes 

30 

30 

40 

87 

33 

44 

94 

Negative 

120 minutes 

0 

29 

IS 

102 

20 

3S 

102 

Negative 




Case 3 ( V S ) 





Contents during fasting 

18 

31 

121 3 




Negative 

30 minutes 

71 

20 

2G 

33 

SO 

92 

133 

Trace 

GO minutes 

21 

It 

07 

87 3 

G2 

SO 

107 

1 plus 

90 minutes 

0 

GO 

73 

107 

CO 

7 i 

107 

2 plus 


Diagram I 


Diagram 2 



o o Total Chlorides 

• • Total Acidity 

* • Free Hcl 


Chart 1 — Graphic illustration of ease 1, table 1 Compare diagrams 1 
(uncorrected) and 2 (corrected for test meal dilution) The degree of free 
hydrochloric acid, total aciditv and total chlorides of the contents of the 
stomach during fasting are shown The degrees of free lndrochloric acid, the 
total acidity and total chlorides at different digestive periods after a test meal 
consisting of 400 cc of distilled water and 6 mg of phenolsulphonphthalcm are 
shown Note the influence of test meal dilution on the so-called aciditv cur\e as 
obtained by the fractional gastric analysis In diagram 2, note the concentration 
level of the total chlorides of the fasting stomach contents and of the gastric 
chyme at different digestive periods after the test meal Compare the chloride 
level with the acidity 
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and if 60 degrees is the total acidity of the diluted sample as ordmarilj 
obtained, then the “corrected total acidity” would be 120 degrees, which more 
nearly represents the acidity of the undiluted gastric juice 

RESULTS OF EXPERIMENTS 

From a study of table 1 and charts 1, 2 and 3, a comparison may be 
made of the chloride concentration, the acidity and their relationship to 
one another m the contents of the stomach during fasting and in the 
gastric chyme at different digestive periods after the test meal A 
companson of diagrams 1 and 2 m charts 1, 2 and 3 illustrates dia- 
gramatically the influence of the factors of test meal dilution and gastric 
motility on the character of the so-called “acid secretion curve,” as 
obtained by the fi actional method of gastric analysis It is noted in 


Diagram I Diagram t 



Chart 2 — Graphic illustration of case 2, table 1 Compare diagrams 1 
(uncorrected) and 2 (corrected for test meal dilution) The degrees of free 
hydrochloric acid, total acidity and total chlorides of the contents of the 
stomach during fasting are shovui The degrees of free hydrochloric acid, total 
acidity and total chlorides at different digestive periods after a test meal con- 
sisting of 400 cc of distilled v r ater and 6 mg of phenolsulphonphthalem are 
shown Note the influence of test meal dilution on the so-called acidity cur\e 
as obtained by the fractional gastric analysis In diagram 2, note the concentra- 
tion level of the total chlorides of the contents of the stomach during fasting 
and of the gastric chyme at different digestive periods after the test meal In 
diagram 2, compare the chloride level of the gastric contents with the chloride 
concentration of normal blood plasma (approximately 100 degrees) 

these subjects that the chlonde concentration of the contents of the 
stomach during fasting and of the gastric chyme aftei correction for 
test meal dilution approaches a similar level A definite relationship does 
not exist between the acidity and total chlonde concentration, the 
chlondes showing less fluctuation than the acidity 
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In a subject in whom gastro-enterostomy had been successfully 
peifonned (table 2 and chait 4), a liquid test meal, as evidenced by 
the disappeai ance of the dye m the sample, left the stomach within 
thirty minutes after ingestion, denoting a relative fluid hypermotility 
In this and similar subjects was found a maiked variation between 
the free hydrochloric acid and the chloride levels 

Table 2 — Data of Patient (C D ) ui JVhom Gash o-Lnlci ostomy for 

UIcci Was Peifonned 


Corrected for 
Test Slcnl Dilution 



Phenol 

Tree 


r 

Free 





sulphon 

Ujdro- 



JI\dro- 





phthniein, 

chloric 

Totnl 

Totnl 

chloric 

Uotnl 

Totnl 



per Cent 

Add 

teid 

Chlorides 

\cid 

Uid 

Chlorides 

Bile 

Contents during fnsting 

IS 

32 

100 





10 minutes 

20 

2.1 

27 

S7 

20 

a 5 

111 

1 plus 

00 minutes 

0 

22 

It 

111 

2 > 

31 

111 

1 plus 

'K> minutes 

0 

21 

20 

100 

21 

20 

100 

2 plus 

120 minutes 

0 

31 

31 

It*. 

ol 

31 

nx> 

2 plus 


Diagram I Diagram 2 



Chart 3 — Graphic illustration of case 3, table 1 Compare diagrams 1 
(uncorrected) and 2 (corrected for test meal dilution) The degrees of free 
hydrochloric acid, total acidity and total chlorides of the contents of the 
stomach during fasting are shown The degrees of free h}drochloric acid, total 
acidity and total chlorides at different digestne periods after a test meal con- 
sisting of 400 cc of distilled water and 6 mg of phenolsulphonphthalcm are 
shown Note the influence of the test meal dilution on the so-called acidity cur\c 
as obtained by the fractional gastric anal} sis In diagram 2 note the concentration 
level of the total chlorides of the contents of the stomach during fasting and of 
the gastric chyme at different digestive periods after the test meal Compare the 
chloride level with the acidity 
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Table 3 — Data of Patient (Mis N ) with Achylia Gash tea 


Phenol- 
sulphon- 
phthalem, 
per Cent 

Contents during fasting 

Free 

Hydro- 

chloric 

Acid 

0 

Total 

Acid 

2 

30 minutes 

70 

0 

4 

60 minutes 

40 

0 

10 

‘H) minutes 

20 

0 

8 

120 minutes 

0 

0 

8 


Corrected 

_ . A _ 


Total 

Free 

Hydro- 

chloric 

Total 

Total 


Chlorides 

Acid 

Acid 

Chlorides 

Bile 

62 

0 

2 

62 

Negathc 

24 

0 

13 

78 

Negative 

35 

0 

17 

57 

Negatno 

62 

0 

12 

77 

Negative 

67 

0 

10 

6S 

Ncgatno 


Table 4 — Piotocols of Noimal Medical Students 




Fasting 

A 



Test Meal 







Corrected 


1 


Free 



Phenol- 

Free 




Hydro- 



sulphon- 

Hydro- 

Corrected 

Corrected 


chloric 

Total 

Total 

phthalein, 

, chloric 

Total 

Total 

Subject 

Acid 

Acid 

Chlorides 

per Cent 

Acid 

Acid 

Chlorides 

B 

3 

17 

881 

45 

21 6 

34 3 

8S9 

C O 

4 

13 

76 35 

30 

25 

335 

691 

F S 

7 

11 5 

70 5 

32 

26 

35 5 

74 5 

B H 

10 5 

21 

998 

30 

13 5 

20 

91 3 

P R 

8 

13 5 

84 6 

40 

353 

43 5 

79 6 

H K 

Negative 

11 3 

991 

35 

13 4 

25 1 

100 5 

W 

3 

8 

106 35 

30 

19 5 

26 

102 2 

F W 

85 

14 3 

£9 3 

40 

27 5 

43 3 

84 1 

H A 

3 

14 7 

105 6 

25 

16 7 

24 1 

100 8 

B E 

0 

181 

87 31 

30 

6 

19 5 

841 

I) 

16 5 

27 

101 3 

40 

32 

41 

109 3 

S 

Negative 

12 5 

1131 

35 

13 

26 5 

112 6 

S H 

6 

14 5 

113 4 

30 

321 

43 4 

111 5 

S 

Negative 

6 

95 5 

40 

13 5 

23 

995 

S A 

0 

10 

79 3 

43 

11 

18 5 

81 2 

G M 

6 

13 5 

81 4 

20 

121 

19 3 

£6 2 

H M 

17 

26 5 

987 

25 

24 5 

331 

991 

F W 

21 4 

29 5 

1016 

35 

36 

43 

1101 

H T 

161 

24 3 

871 

26 

22 

291 

9215 

P R 

0 

12 

891 

23 

171 

21 6 

84 5 

J C 

91 

16 3 

841 

20 

19 1 

23 1 

913 

C C 

81 

17 4 

993 

22 

16 

21 

97 6 

G B 

17 9 

2S4 

931 

40 

24 

36 

9915 

Average 

72 

16 5 

92 95 

27 6 

16 4 

301 

£9 91 


Table 5 — Piotocols of Patients with Duodenal Ulcei 




Fasting 

A 



Test Meal 

A. 



f 




Corrected 




Free 



Phenol- 

Free 




Hvdro- 



sulphon- 

Hj dr o- 

Corrected 

Corrected 


chloric 

Total 

Total 

phthalein, 

chloric 

Total 

Total 

Subject 

Acid 

Acid 

Chlorides 

per Cent 

Acid 

Acid 

Chlorides 

R M 

45 

56 

136 5 

30 

48 

53 

119 3 

F A H 

28 

30 

119 7 

9 

35 

40 

109 4 

.TCP 

36 

42 

1361 

30 

40 

55 

132 8 

FAC 

2 

5 

133 6 

10 

34 

50 

13S4 

W H 

28 

36 

95 5 

10 

50 

61 

102 7 

A M B 

40 

42 

129 4 

IS 

52 

60 

135 8 

W H R 

30 4 

40 

102 3 

25 

18 

29 

106 8 

R H B 

36 

42 

112 6 

30 

3S 

44 

119 7 

C K C 

IS 

30 

102 6 

IS 

20 

38 

119 7 

B H P 

15 

21 

106 7 

10 

20 

30 

1117 

J A H 

25 

32 

119 6 

9 

38 

40 

1231 

H S 

29 

33 

100 8 

15 

44 7 

54 1 

9S7 

W W 

70 5 

So 

130 4 

15 

83 S 

90 

129 9 

D E 

32 

4S 

116 3 

20 

51 2 

62 5 

127 2 

W C B 

6S 

72 

136 6 

10 

90 

106 

149 0 

F C R 

60 

68 

136 8 

42 

70 

75 

139 4 

G W S 

31 

34 

119 7 

30 

93 

17 

122 6 

A D 

6 

14 

112 7 

15 

61 

SO 

114 9 

M C 

37 

48 

119 9 

52 

41 6 

54 

125 3 

Average 

33 5 

40 9 

119 3 

20 9 

44 5 

51 9 

122 4 
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Table 6 — Piotocols of Patients zoith Disease of the Bihaiy Tiact 




Tasting- 

A 



Test Meal 



r 1 




Corrected 


"\ 


Tree 



Phenol- 

Tree 




Hjdro- 



sulphon 

Hjdro 

Corrected 

Corrected 


cliloric 

Total 

'total 

phth.ilein, 

, chloric 

Total 

Total 

Subject 

Acid 

Acid 

Chlorides 

per Cent 

Acid 

Acid 

Chlorides 

M r 

0 

0 

102 G 

f£> 

11 

19 

1112 

JOB 

1C 

22 

136 8 

23 

10 

GO 

130 7 

A P H 

2S 

37 

120 7 

23 

42 

OS 

137 S 

J D 

0 

5 

93 2 

10 

0 

12 

953 

L M G 

0 

G 

101 2 

S 

8 

1G 

93 3 

W T T 

13 

aO 

110 4 

20 

O 

G 

1191 

s r 

G 

s 

110 7 

40 

2G 

S3 

133 7 

A A E 

0 

o 

122 1 

3S 

42 

30 

137 3 

C A T 

10 

22 

OS 7 

10 

J>> 

40 

1018 

P B 

6S 

71 

1 il> G 

17 

53 

70 

12S 2 

C t J 

19 

(y> 

S72 

20 

40 

50 

110 5 

J E 

0 

G 

110 7 

20 

20 

287 

1212 

J A 

0 

1G 

110 3 

13 

IS 2 

23 

128 

r w 


>o i istint, 


10 

58 

4GG 

90 

J G 

21 

41 

11G 

7 

11 G 

2G2 

100 

M E 

3 5 

7 G 

81 1 

22 

lo 

19 0 

78 2 

I G 

s 

1G 

DC 4 

12 

10 2 

12 3 

1014 

A\ era go 

12 8 

10 S 

101 2 

10 5 

239 

31 2 

114 1 


Diagram 1 
CC01 Normal per 100 c c 



Diagram.2 



Chart 4 — Graphic illustration of table 2 Compare diagrams 1 (uncorrccted) 
and 2 (corrected for test meal dilution) The degrees of free hjdrochloric acid, 
total acidity and total chlorides of the contents of the stomach during fasting 
are shown The degrees of free hydrochloric acid, total aciditj and total 
chlorides at different digestne periods after after a test meal consisting of 400 cc 
of distilled water and 6 mg of phenolsulphonphthalem arc shown Note the 
influence of test meal dilution on the so-called aciditv curve as obtained by the 
fractional gastric analysis In diagram 2, note the concentration level of the total 
chlorides of the fasting stomach contents and of the gastric civ, me at different 
digestive periods after the test meal In diagram 2 (corrected), note particularh 
the relationship of the total chloride concentration le\el and aciditj 
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In certain pathologic states (table 3 chart 5 and table 7) such as 
are found m subjects with achylia gastnca (pernicious anemia) the 
average chloride concentration as compared w ith that of normal persons 
(tables 1 and 4) was lower In duodenal ulcer disease of the biliary 
tract and benign pyloric obstruction (tables 5 6 and 8) there was found 
a higher level as compared to normal but no higher than found m a 
group of miscellaneous cases 


Table 7 — Protocols of Fauci. is n ii!i AcLJta Gastnca 




Fasting 

l 



Test He'd 







Corrected 


1 "X 


Free 



Pn enol- 

Free 




Hvdro- 



salphon- 

Hvdro- 

Cor-ected 

Corrected 


chloric 

Total 

Total 

pbthaiaiD, 

, chloric 

Toni 

Total 

Subject 

Ac d 

Aea 

Chlor’des 

per Cent 

Ac.d 

Acd 

Chlo^des 

M 

0 

o 

1 1 

10 

0 

7 

49 5 

T R 

0 

$ 

47 4 

15 

0 

P.5 

52 2 

W 

0 

5 

47 


0 

S 2 

4 r > 1 

F W 

0 

5 

63 1 

IS 

0 

74 

5^ 4 

Q 

0 


-9 1 

15 

0 

15 

22.1 

.1 W 

0 

s 

esi 

20 

0 

H 

CO 4 

H P 

0 

6 5 

eci 

15 

0 

° 5 

501 

L O 

0 

ST 

SS.2 

20 

0 

11-2 

S-*2 

T R 

0 

10 5 

€2.5 

Trace 

0 

12 

171 

Mrs X 

0 

° 5 

e$4 

in 

0 

11 A 

a i 

X I 

0 

6 S 

61.2 

o 

0 

10 3 

57-2 

Average 

0 

7« 

go 1 

12 4 

0 

10 2 

57 9 


Dugiywl 


CC Olk'Jr'-’alrsr I0*cc 
80 1 



Fnsrin t 


tC OlVor-ial per IC3 cc 
60 


70 

60= 

50 

40 

50 






\ 


/ 





20 
I 0 



FC 



C.SZ-’ S. 


Chart 5 — Graphic illustration of table 3 Compare diagrams 1 (uncor- 
rected) and 2 (corrected for test meal dilution) The degrees or rree hydro- 
chloric acid total acidity* and total chlorides of the contents of the stomach 
during fasting are shown The degrees of free mdrochlonc acid, total acidity 
and total chlorides at different digestive periods after a test meal consisting of 
^00 cc of distilled water and 6 mg of phenolsulphonphthaleln are shown Xote 
the influence of test meal dilution on the so-called acidity* curve as obtained by 
the fractional gastric analysis In diagram 2 , note the concentration level ot the 
total chlorides of the fasting stomach contents and of the gastric chyme at differ- 
ent digestive periods after the test meal In diagram 2 (corrected tor test meal 
dilution) note particularly the relationship of the total chloride concentration ley el, 
free (achlorhydria) and total acidity 
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Table 8 — Piotocols of Miscellaneous Cioup of Patients 

Test Meal 


Corrected 




Corrected 




Tree 

Cor 

Cor 


rrec 

Cor- 

Cor 


Hjdro 

rected 

rccted 


Hjdro 

rected 

rected 


chloric 

Total 

Total 


chloric 

Total 

Total 


Acid 

Aciditj 

Chlorides 


Acid 

Acidity 

Chlorides 

Hjpoaciditj 

14 5 

21 8 

71 S 

Chronic appendicitis 

98 

07 

1032 

Hypoaeiditj 

10 

13 

147 9 

Chronic appendicitis 

GS 

77 

191 2 

Hjpoacidit\ 

20 

*50 

187 

Chronic appendicitis 

22 

34 

875 

Hjponciditj 

S5 

30 

144 3 

Chronic appendicitis 

S3 

102 

157 

Hjpoaciditj 

93 

17 

1 32 0 

Chronic appendicitis 

3S 

54 

131 2 

Hypoaeiditj 

11 0 

20 G 

100 

Migraine 

12 

33 

12312 

Hyperaciditj 

70 

77 

140 2 

Colitis 

43 

03 

147 9 

Hj peraciditj 

70 

90 

121 > 

Colitis 

31 

GO 4 

102 

Hj peraciditj 

S2 

112 4 

122 G 

Simple goiter 

30 

02 

149 G 

Hj peraciditj 

ss 

102 

131 7 

Gastro cuterostomj 

2S 

92 

144 

Hj peraciditj 

90 

10G 

149 0 

Gastro cuterostomj 

40 

G9 

1309 

Hj pcracidit j 

GS 

90 

luO 

G istro-enterostomj 

10S 

ITS 

180 7 

Simple anemia 

41 

SS 

110 4 

Gastro cnterostoim 

42 

53 

140 8 

Simple anemia 

30 

01 

133 9 

Gallstones 

21 

12 

174 

Simple anemia 

10 

13 

144 9 

Neurosis 

33 

44 

130 8 

Benign pjloric 




Neurosis 

20 

30 

1S7 

obstruction 

73 

103 

231 

Chronic mjocnrditis 

j 3 

4G 

122 

Benign pjloric 




Chronic pj ciitis 

GO 

78 

133 

obstruction 

71 

S3 

170 

Postoperntl\e ndhe-ions 

93 

C7 

131 3 

Benign pjloric 








obstruction 

47 

99 

144 





Constipation 

51 

73 

187 
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Chart 6 — Graphic illustration of tables 4, 5, 6 and 7 Compare degrees of 
free hydrochloric acid, total acidity and total chlorides of the contents of the 
stomach during fasting and of the gastric clijme after correction for test 
meal dilution Aspiration of contents forty-fi\e minutes after test meal 
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Tables A 5 6 7 and 8 and chart 6 illustrate the results obtained by 
the use of the single aspiration procedure From these tables, it is 
possible to make a comparative study of data obtained from subjects 
representing both normal and pathologic conditions 

COMMENT 

From our observations we agree with Bolton and Goodheart that 
the absence of free hydrochloric acid or the presence of a low actne 
hydrochloric acid concentration in the contents of the stomach is not 
necessarily an indication that gastric secretion is correspondmglv dimin- 
ished and that m persons with achlorhydria the total chlorides of the 
contents of the stomach may be of normal concentration We can hardlv 
agree, however with the assumption that when the total chlorides are 
at a normal level it may be assumed that a low acidity- is necessarily due 
to excessive neutralization 

Baird and Campbell stated that diminished gastric secretion can be 
distinguished from normal secretion with excessive neutralization by a 
comparative study of the total chloride concentration and acidity of the 
stomach contents We do not concur in this opinion, as it cannot be 
assumed that the chlorides of the contents of the stomach are necessarily 
a volumetric index to the production of hydrochloric acid by r the gastric 
glands From a study of the subjects with achylia gastnca (table 7) it 
is obvious that m some instances a chloride concentration approaching 
the normal level was encountered During investigation it was found 
that the chloride concentration of the duodenal contents obtained by 
means of the duodenal tube and bile taken from the common duct and 
the gallbladder at operation was as high or higher than that of the 
contents of the stomach therefore, the regurgitation of the intestinal 
fluids into the stomach is m some instances an important factor in 
determining the height of the chloride level m the gastric contents 

It was noted that the total chloride concentration of the fasting 
contents and of the gastric chyme at different digestne periods after 
correction for dilution frequently approached similar levels In the 
normal subjects a similarity was noted between the chloride level of 
the contents of the stomach and that found m normal blood plasma It 
is noted from a comparative study in subjects showing hypoacidity and 
hyperacidity (table 8) that the chloride level may be similar m the two 
conditions 

In relation to this investigation w e w ould call attention to the work 
of Gamble and Alclver 6 who estimated the total chlorides and total 
bases of gastric juice obtained from pouches made m the fundic ana 

6 Gamble T L and Mcher M A Fixed Base m Gastric Juice J Exper 
Biol & Med 23.439 (March) 1926 
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pyloric region of the stomach in animals They observed that during 
different phases of digestion the chlorides were nearly stationary, while 
there was a wide range m the variation of the total bases 7 

SUMMARY 

1 In the subjects without symptoms of disease, the total chloride 
concentration of the contents of the stomach during fasting and of the 
gastric chyme after correction foi test meal dilution frequently 
approached the same level , in many instances this concentration showed 
a similarity to that of normal blood plasma 

2 The chloride concentration of the contents of the stomach during 
fasting and of the gastric chyme vas variable in different pathologic 
conditions, a fairly constant increase being found in pyloric obstruction, 
duodenal ulcer and disease of the bihaiy tract In achylia gastnca, the 
total chloride concentiation was usually low but in some instances 
approached the average level found in normal persons 

3 The relationship of the acidity and total chlorides of the contents 
of the stomach during fasting and of the gastric chjme after the 
standard test meal was exceedingly \ariable in both health and disease 
The acidity showed a greater fluctuation than the chloride concentration, 
this being especially noteworthy in subjects showing h}poacidity, lnper- 
acidity and those in whom gastro-enterostom} had been successfully 
performed 

4 From our experimental study, especially in subjects showing 
achylia gastnca, it would appear that the chloride concentration of the 
contents of the stomach as detei mined by the direct Volhard method 
is not necessarily a volumetric index to the production of hydrochloric 
acid by the gastric glands 

7 We take this opportunity to achnow ledge the assistance gncn us in 
this investigation by Dr Ethel Ron7oni, of the Department of Internal Medicine 



GASTRIC SECRETION 


ITS ALTERATION BY THE USE OF ATROPINE, EPINEPHRINE 

AND PILOCARPINE 

A M ALTSHULER, MD 

DETROIT 

Phaimacologic substances which act on the sympathetic and paia- 
sympathetic nervous system, paiticulaily those which act on the neive 
supply of the gastro-intestinal tiact, have been investigated extensively 
The explanation foi this lies m the various therapeutic applications to 
which such knowledge could be dnected, as well as in the fact that 
numerous conflicting repoits of results of similar expenments have led 
to the desire to arrive at the tiuth by fuither study A brief resume 
of the more important investigations which have been earned out with 
atropine, epinephrine and pilocaipme will aid matenally in interpietmg 
the results of this study A review of the work of othei investigators 
reveals plainly the conflicting conclusions drawn f 1 om these experiments 

ATROPINE 

In 1882, Netchaev, 1 woiking in Pavlov’s laboiatoiy, found that 
atropine paialyzes gastric secretion This work was later confirmed 
by Ushakov 2 who showed that ati opine paralyzed the gastnc secietion 
m animals during the fiist (cephalic) stage of secietion whether 
initiated by sham feeding 01 by stimulation of the vagus neive by 
means of an induction cui lent Sanotzlu 3 showed that in the second 
stage (gastric phase) of gastric secretion, atropine diminished the secre- 
tion, provided the stimulant to secretion was in the stomach itself or 
in the isolated pylorus If, however, the chemical stimulants to secretion 
were introduced hypodermically or intravenously, then ati opine did 
not affect it 4 Riegel 5 found a diminished gastnc secietion with the 

1 Netchaev, A A On the Inhibitory Action of Atropine, Morphine and 
Chloral Hydrate upon the Gastric Secretion and the Stimulation of the Sen- 
sitive Nerves, Diss , St Petersburg, 1882 

2 Ushakov, V G On the Action of the Nerve Vagus upon the Gastnc 
Secretions in a Dog, Diss , St Petersburg, 1896, p 20 

3 Sanotzki, A S The Stimulation of the Gastric Secretions, Diss , St 

Petersburg, 1892, p 80 

4 Zeliony, G P, and Savitch, V V On the Mechanism of the Gastric 
Secretion, Tr Obstsche Russk Vrach 79 1, 1911-1912, Zur Physiologie des 
Pylorus , Arch f d ges Physiol 150 128, 1913 

5 Riegel, A Ueber Medicamentose Beeinflussung der Magensecretion, 
Ztschr f khn med 37 3S1, 1899 
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use of ati opine, while Bylina 0 found that it diminished gastric secietion 
only m cases of liypei secietion Auei and Meltzer 7 stated that atio- 
pme causes paralysis of the vagus endings connected with Auerbach’s 
plexus, with a lesultant diminution of secietion Geihaid Katsch 8 has 
shown that small doses of atropine stimulate Auerbach’s plexus and 
at the same time paralyze the nene endings of the -vagus with a 
resultant deciease in penstalsis Lasch D found that injections of 
atropine had two sepaiate and opposite actions, hist, an inciease m 
peristalsis which lasted only a few minutes, and second, following 
this increase, a prolonged stage of inhibition of penstalsis which ended 
in complete atony He explained this apparent paradox by stating that 
atropine hist pioduces a transitoiy stimulation of the parasympathetic 
system, and later paralysis of the patasy mpathelics Zung and 
Tysebaert , 10 woilung with dogs, obsetvcd diminished contractions of 
the stomach after injections of atropine Small doses did not ha\e 
any effect on the contractions, but they did result in lessened tonus 
Klee 11 obseived m animals, and Otvos 1 - observed in man, increase in 
pjloiospasm and a delayed emptying of the stomach following injec- 
tions of ati opine Stianz 18 confirmed Otvos’ observations on the 
piolongation of the evacuation time Hecht , 11 cxpci nnenting with the 
isolated stomach of lats, found that the action of ati opine was 
variable He explained this variability by the presence or absence of 
peristalsis inducing substances, and of choline m paiticulai Kalk and 
Siebert 13 did not find anv changes m the lndrochloiic acid concentra- 

6 Bvlma, A On the Antlvsis of the Disturbance of Gastric Secretion, 
Russk Vracli 12 83, 1913 

7 Auer, J , and Meltzer, S J \ction of Ergot upon the Stomach and 
Intestines, Am J Plnsiol 17 143, 1906 

8 Katsch, Gerhard Bcitr ige zum Stadium dcr Darmbcu egungen 3 
Pharmakologische Emflusse auf den Darm (bci pin siologischen Vcrstichsanord- 
nung), Ztschr f exper Path u Thcrap 12 233, 1912-1913 

9 Lasch, C H Rontgcnologischc Untcrsuchungcn uher den Einfluss des 
Atropins auf die Magenmotilitat, Klin Wchnschr 17 840, 1922 

10 Zung, E, and Tjsebacrt, J Action of Atropine Sulphate on Isolated 
Stomach and Intestines, J Pharm and Exper Thcrap 8 325, 1916 

11 Klee, P Beitragc zur pathologischen Plnsiologic dcr Mngcmnncrvation 
2 Pylorus Insuffizienz and pracpvlorischer Gastrospasmus, Deutsches Arch f 
khn Med 133 265, 1920 

12 Otvos, E Beitragc zur pharmakologischen Bccinflussbarkcit der Magcn- 
motihtat, Khn Wchnschr 4 445, 1925 

13 Stranz, J Untersunchungen uber die diagnostischc Brauchbarkcit der 
Atropinprobe des Magens, Med Khn 2 59, 1926 

14 Hecht, P Untersunchungen uber die Wirkung dcs Atropm auf den 
uberlebenden Magen, Deutsches Arch f klm Med 13G 296, 1921 

15 Kalk, H, and Siebcrt, P Untersuchung uber die Wirkung von Atropm 
und Belladonna (Bellafolm) auf die Magenfunktion, Arch f Verdauungskr 40 
313, 1927 
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tion after atropine had been given They also confirmed the observa- 
tions of Katsch and Kalk 1G that the acidity of the gastric juice is not 
influenced by atropine and that the evacuation time of the stomach is 
prolonged following an injection of atropine They did not find any 
regular decrease m acidity with atropine the majority of their 
determinations in fact, showed an increase Keeton, Luckhardt and 
Koch, 17 on the contrary , experimenting on dogs with a Pa\ lov stomach, 
found that atropine inhibits the gastric secretion They emphasized 
that from 50 to 80 per cent of the total gastric secretion was arrested 
before the h} drochloric acid dropped Rehfuss 15 also found that large 
doses of atropine gnen hypodermically caused a decrease m psychic 
secretion and in the gastric acidity but it never resulted in complete 
disappearance of the secretion Pokras and Michelson, 19 applying the 
method of investigation of Bylina (m which the reflectonc stage of 
digestion was eliminated) found that atropine was a potent substance m 
diminishing hypersecretion Crohn 20 on the other hand, stated that 
1/65 gram (0 00101 Gm ) of the drug given hypodermically one-half 
hour after eating did not affect the motility of the stomach, but raised 
the average of acidity from 32 acid per cent to 75, while Lockwood 
and Chamberlin 21 stated that atropine depresses both the secretory and 
motor activity of the stomach Pongs 22 noted a diminished gastric 
secretion and a prolonged emptying time of the stomach after the 
administration of atropine and his observations are confirmed by Rail 20 
Keefer and Bloomfield 2 * found that the amount of gastric secretion 
was less after atropine had been administered than w r hen it was not 

16 Katsch, G and Kalk H Zum Ausbau der Kinetischen Methode fur die 
Untersuchung des Magenchemismus 3 Mitteilung die Chloride des Magensaftes 
besonders bei Salzsauremangel, Klin Wchnschr 5*881 1926 

17 Keeton, R. W Luckhardt A B , and Koch F C Gastrin Studies 
4 The Response of the Stomach to Food and Gastrin Bodies as Influenced by 
Atropine Am J Phjsiol 51*469, 1920 

18 Rehfuss, INI E Action of Atropine on Gastric Secretion, Tr Sect 
Gastro-Enterol & Proct, A M A 25, 1918 

19 Pokras S and Michelson, V Vegetatives Xervensystem und Magen- 
secretion, Arch f Verdauungen 38*373, 1926 

20 Crohn, B B Studies m Fractional Est mation of Gastric Contents, Am J 
M Sc. 155*801, 191S 

21 Lockwood, B C and Chamberlin H G The Effect of Atropin on 
Gastric Function Arch Int Med 30 806, 1922 

22 Pongs Die Beeinflussung der Saureverhaltnisse des Magens durch 
Atropin 33 Kongress d Deutsch ges f inner, med 1921 p -52 

23 Rail T Ueber den Einfluss des Atropms auf die secretonsche und 
motorische Function des gesunden Magens, Ztschr f d ges exper Med 52 7S2, 
1926 

24 Keefer C S and Bloomfield A L Effect of Atropine on Gastric 
Function m Man Arch Int Med 38 303 1926 
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given They emphasized that the type of secretion was matkedly 
alteied by ati opine They pointed out that noimally there is a great 
vanation m the emptying time of the stomach as detei mined b) their 
method, and these vai rations aie also piesenl after the administration 
of atropine 

EPINEPHRINE 

The expei lmenls with epinephrine in man as weil as m animals 
also yields contiachctoiy results The action of epmcpluine on the 
motoi activity of the stomach results in a pictuie identical with the 
so-called “sympathetic stomach” Elliot 23 has shown in animals, that 
injections of epinephrine makes the stomach laige, flaccid and weak 
in penstalsis Katsch 20 obsencd the same thing m man, the entire stom- 
ach relaxing and the emptying of the stomach letaided following its use 
Ivlee , 27 continued these obscivations in loentgen-iaj stud} of cats 
Bickel , 28 hcnvet ei , stated that theie is a pielimmai} stage after the 
injection of epmephnne in which the tonus of the stomach is increased, 
the relaxation coming later in the second stage Kolm and Pick 23 
obseived an “imeise” a agoti opic action following the nsc of epmephnne 
Yukawa ," 0 G Sirotmm , 31 and Locper and Verjn 32 all found an increase 
in gastnc secretion following injection of epmephnne The latter two 
investigates found the ltydrochlonc acid increased Opposed to this, 
is the obsenation of Hess and Gundlach - 1 who found ahwns an 
inhibition of secietion following the injection of epinephrine, and of 
Thomas 34 who found that epmephnne mci eases the tonus of the pvlonc 
splnnctei when the latter is ielaxcd and dcci cases the tonus when it 
is conti acted Bad} Ikes 35 found that epinephrine met eases the gastric 

25 Elliot, T R The Action of Adcmlin, J Plnsiol 32 -101, 1905 

26 Katscli, G Dcr Menschliche Darm bci pharmakologischer Reemflussung 
seiner Innenation, Fortsclir a d Gcb d Rontguistruhlen 21 159, 1914 

27 Klee, P Bcitrage /ur pathologischcn Plnsiologic dcr Magemnnenation, 
D Arch f klin Med 128 204, 1919 

28 Bickel, A Dcr I\'er\ose Meclianisnws dcr Secretion der Magendruscn 
und der Muskelbewegungcn am Magcndarmkanal, Ergbn d Ph}siol 24 22S, 1925 

29 Kolm, R, and Pick, E P Uebcr dcr Audcrung der Adrcnalnnurkung 
nach Erregung der Vagalcn Endapparate, Arch f d ges Plnsiol 184 79, 1920 

30 Yukawa, G Klinisch-experimcntcllc Untersuchungcn der Adrenalm- 
wirkung auf die Magendruscn, Arch f Verdauungskr 14 166, 1908 

31 Sirotmm, B Action of Adrenalin on the Secretion of a Jlcidcnham’s 
Stomach of a Dog, Wratchebnoje Dielo 18 24, 1923 

32 Loeper, M, and Vcrpy, G L’action dc 1 adrenalin sur le tractus digestif, 
Compt rend Soc de biol 53 793, 1917 

33 Hess, W R, and Gundlach, R Der Einfluss Adrenalins auf die Secretion 
des Magensaftes, Arch f d ges Physiol 185 122, 1920 

34 Thomas, J E The Action of Adrenalin on P\loric Sphincter, Proc Soc 
Exper Biol & Med 23 748, 1925-1926 

35 Badylkes, S O Klinisch-physiologischc Bcobachtungen uber den Einfluss 
eminger Hormone auf die Magensecretion (Expcrimentelle Untersuchung), Arch 
f Verdauungskr 34 105, 1924 
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acidity m 80 per cent of his cases and deci eased it m 20 pei cent 
Michelson and Neumaik 30 stated that epmephime increases gastnc 
acidity m noimal conditions, while in cases of hypersecietion the acidity 
is lowered Dixon 37 noted conti action of the f log’s stomach following 
an intravenous adimmstiation of epmephnne, while Cushny 3S noted 
inhibition of all gastnc motility immediately aftei its injection 
Petiovic 39 showed expenmentally that epmephnne does not hindei the 
evacuation of watei fiom the stomach Giubei 10 thought that the 
vaiying actions of epmephnne on the stomach depends on its concen- 
tiation — weak solutions pioducmg mciease in tonus, strongei solutions 
producing inhibition 

PILOCARPINE 

Tshunlov 41 found that pilocarpine acted as a weak stimulant to the 
gastnc glands Doses of fiom 0 003 to 0 005 Gm hypodei mically, 
which were sufficient to pioduce profuse secietion of saliva and mucus 
from the nose and stomach, did not have any effect on the gastric 
glands Laige doses, howevei, cause lelatively gieatei secietion of 
the sahvaiy glands than of the stomach (Zitovitch) 42 Riegel 5 and 
Ehimann 43 found an mciease in the secretion of gastnc juice following 
the administration of pilocarpine, but the acidity lemamed unchanged 
Kljutchaiev 44 repoited its use in twelve cases in which he found a 
deciease in acidity following its administration in eight cases, unchanged 
acidity m one case, while m three cases, the acidity was raised Kalk, 45 
reported tlnity cases, and stated that the acidity was diminished in 
the majonty of them Katsch and Egan 40 also found a deciease m 

36 Michelson, V, and Neumark, I E Atropin, Adrenalin, Pilocarpin, und 
lhre Wirkung auf die Magensecretion und lhre Phasen, Arch f Verdauungskr 
39 275, 1926 

37 Dixon, E Effect of Adrenalin on Frog’s Stomach, J Physiol 30 97, 1903 

38 Cushny, A R Pharmacology and Therapeutics, Philadelphia, 1918, p 369 

39 Petrovic, A Ueber die Wirkung yon Atropin und Adrenalin auf die 
Magenentlehrung beim Menschen, Deutsche mod Wclmschr 51 1619, 1925 

40 Gruber, C M The Effect of Epinephrine on Excised Strips of Frogs 
Digestive Tracts, J Pharmacol & Exper Therap 20 321, 1922 

41 Tshurilov, I A The Secretory Poisons in Regard to the Gastric Secre- 
tion, Diss , St Petersburg, 1894 

42 Zitovitch, I S The Action of Pilocarpm on the Secretion of the Gastric 
Glands, Tr Obstschestva Russk Vrach 69 324, 1902 

43 Ehrmann, R Physiologische und Klimsche Untersuchungen uber die 
Magensaftsecretion Internationale Beitr 7 Path u Therap der Ernahrungs- 
storungen 3 382, 1911-1912 

44 Kljutcharev, S On the Importance of Determining the Different Stages 
of Digestion in Accordance with the Clinical Observations, Terapevticheski Arch 
2 3, 1924 

45 Kalk, G Ueber den Emfluss dcs Pilocarpmsauf die Tattigkeit des 
Menschlichen Magens, Arch d Verdauungskr 32 219, 1924 

46 Katsch, G Ueber Hyperaciditat, Klin Wchnschr 18 902, 1922 
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acidity following the administration of pilocarpine Bennett 47 reported 
conflicting lesults Michelson and Neumarlc 36 explained the decrease 
in gastric acidity by the mciease m secretion of mucus and the delayed 
emptying tune of the stomach with lesultant dilution 

The foiegomg bnef suivey of the expeiunental work with atro- 
pine, epinephrine and pilocarpine leveals many discrepancies and much 
experimental data which seems conflicting or directly contradictory 
If the observations are accurate, these disci epancies can be accounted 
foi only by assuming that the various experiments were carried out 
on stomachs that weie in difleient functional states when the experi- 
ments weic begun Zimnitzky 18 has shown that the action of drugs 
on functioning cells depends on what phase of actn lty those cells are in 
when the drug leaches them Thus, a drug which would result m 
stimulation of the cell’s activity if acting on a cell at lest, could lesult 
a little later in peihaps increased stimulation, oi, if the cell were already 
maximally stimulated, might even i esult m inhibition b> exhausting the 
cell through the oveiload In other woids, dependent on what phase 
of actmty the cell y\eie in, the same drug, acting on the same cell, 
might at one time lesult in stimulation, and at another time in inhibi- 
tion By bearing this m mind, it is possible to reconcile apparently 
contradictoiy obsenations m regard to these \agotropic and s>m- 
patheticoti opic substances It is icasonable to assume that disturbances 
of the gastiic sccietion ma) be dependent on two essentially difleient 
bases , i e , it maj be that the scci cling cells are noimal cells, but due to 
local oi constitutional factois the> aie kept in such a phase of actmty 
that when a normal stimulus, such as food, reaches them, they do not 
react as would a noimal cell at rest, but leact abnormally, either by 
In persecution or by inhibition yyith a deciease or absence of sccietion, 
oi, again, the cells maj be pathologic cells, yyhich e\en at rest do not 
lespond to oidinary stimuli as would normal cells 

Other my estigatoi s 50 and 1, 10 cmplo>ing the method of Zimnitzk) ; ,s 
have demonstrated that, in general, there aie chaiactenstic types of 
secretion in yaiious gastric and constitutional distuibances There is 
also a chaiactenstic noimal type of sccietion As the same method 
was used in obtaining the results lepoited in this aiticle a brief 

47 Bennett, Isod The Modification of Gastric Function bv Means of Drugs, 
Brit M J 1 366, 1923 

48 Zimnitzky, S S Disturbance of the Secretory Function of the Glands 
of the Stomach, Moscow, 1926 

49 Altshuler, A M A New Method of Gastric Analysis, Ann Chn Med 
5 464, 1926 

50 Gurvitch, I L On the Knowledge of the Function of the Gastric Cells 
Under the Influence of the Vagotrope and Sy mpaticotrope Substances, Trudy 
7go s’ezda Therapevtov 7 280, 1925 
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description of the technic and of the types of gastnc secretion diffeien- 
tiated by this method follows A more detailed report can be found 
in one of my previous articles 40 The procedure is as follows The 
patient is instructed to lefram fiom food or drink, starting at 6 00 
p m of the day pieviously, at 8 00 a m a Rehfuss tube is mtioduced 
into the stomach The contents of the fasting stomach aie aspirated 
with the patient in vanous positions and the position of the tube is 
altered until all the contents are aspuated The test bieakfast of 
200 cc of plain warm beef broth (400 Gm of lean beef in 1,000 cc of 
water) is given the patient who is instructed to sip it for a penod of 
five minutes Fifteen minutes after the breakfast is started, 10 cc of 
the contents of the stomach are aspirated This is repeated e\ery 
fifteen minutes for foui times Befoie each aspiration, the patient is 
requested to shake himself well At the end of sixty minutes, the 
stomach is emptied, 200 cc of the same meat bioth is given, and the 
same procedure is repeated foi another sixty minutes The contents 
are examined at once The types of gastric secretion determined by 
this method are classified as follows (1) The noimal type The 
characteristic of the normal type is that the sum of acidity for the 
second hour is greater than that of the first hour (average usually being 
from 15 to 25 pei cent) (2) Asthenic type Here the total figures 
for the first hour are greater than for the second This may be even 
with cases of hyperacidity (3) Inert type This type is chai acterized 
by the fact that at the beginning, the lesponse of the stomach cells to 
the stimulus is sluggish, but after the stimulus of the first test break- 
fast, admmistiation of the second test breakfast causes a sudden 
increase in gastric secretion Therefore, the work of the second houi 
is quantitatively decidedly greater than the first (up to 50 per cent) 
(4) The lsosecietoiy type Here the total amount of work for the 
first and second hour is the same (5) Torpid type In this case, 
neither the first nor the second test breakfast produces enough stimu- 
lation of the gastric cells to reveal the presence of free hydiochlonc 
acid In these cases, one must distinguish between functional and 
organic toipoi In geneial, it can be shown that one of these types of 
gastric secretion tends to be charactenstic m lanous local or consti- 
tutional disturbances 

In the present investigation, the type of secietion present w^as deter- 
mined m each patient studied After this had been done, allowing an 
interval of several days, the patient was given a subcutaneous injection 
of either atropine, epinephrine or pilocarpine together with the first 
test breakfast Atropine was given in the form of 1/50 giam (0 00130 
Gm ) of atropine sulphate, epinephrine was gnen in the form of solu- 
tion of epinephrine hydi ochloride, 1-1000 in a dose of 1 cc , pilocarpine 
w r as given in the form of 1/4 grain (0 01620 Gm ) of pilocarpine 
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hydi ochloude A check on the action of the ati opine was made by 
deteimming the diyness of the mouth, phaiynx and larynx, by noting 
the changes in the pulse late, dilatation of the pupil and dizziness The 
action of the epmephime was checked by noting the pulse rate, the 
blood pressure, paleness of the face, tremoi, and by the result of the 
uunalysis The physiologic activity of the pilocarpine was checked 
by noting the pulse late, salivation, teaung, and nasal discharge, nausea 
and a omitmg, diarrhea and flush of the face, and in all cases the 
subjective obseivations of the patient weie detei mined 

The puipose of this study was to detei mine the effect, if an), of 
admimsteimg ati opine, epinephrine and pilocarpine in altering the 

Tabu 1 — dciditv of Contents of Stomach If ter Inqcslion of Food 


ITr't BreaLfn=t 

_ JL 


Second Breakfast 

. . . . . A . _ 

Tree 

lljdrocliloric Ackl 

T ot nl 
Ulditj 

r 

Prep Total 

lledrocltlorlc \cid \elditj 


After 15 minutes 

s 

12 

14 

in 

After o0 minutes 

12 

r» 

2'. 

31 

After 45 minutes 

2S 

5s 

2$ 

43 

After CO minutes 

23 

CO 

IS 

2S 

Total 

71 

102 

OG 

124 


Table 2 — Aciditv of Contents of Stomach -If tc> Jnoeshon of Ahopinc Sulphate 



ITrst Breakfast 

A ... 


Second Breakfast 

_A _ . 


r 

Tree 

Total ' 

Tree 

Total 


lljdrocliloric \eid 

Aciditj 

lledrotliloric \eitl 

\ciditj 

After 15 minutes 

12 

10 

fi 

12 

After 30 minutes 

25 

23 

IS 

25 

After 45 minutes 

23 

40 

IS 

C2 

After CO minutes 

2t 

2S 

12 

10 

Total 

£0 

113 

51 

83 


normal type of secietion m normal persons, and of their effect m 
altenng the vanous abnoimal types of secietion thought to be character- 
istic of certain gastro-mtestmal and constitutional chstui bailees Char- 
acteristic protocols in each gioup follow 

REPORT Or C \SES 

Case 1 — A H, a man, aged 44, had ne\er had an> gastro-mtestmal com- 
plaints The results of a general physical examination showed him to be normal 
Urine analysis and stool examination were normal Twehc cubic centimeters of 
the contents of the stomach w’as aspirated while the patient was fasting, the free 
hydrochloric acid rvas found to be 6 to acid phenolphthalem and the aciditi was 
found to be 18 to acid phenolphthalem 

This same patient was given 1/50 grain (0 00130 Gm ) of atropine 
sulphate hypodei mically at the time of the first test breakfast, when 
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the following determination was made a few days later The results 
are shown in table 2 

A few days latei, the same patient was gnen *4 gram (001620 Gm ) 
pilocarpine hydrochloride hypodermically at the time of his first test 
breakfast The lesults of the gastric analysis are shown m table 3 
Aftei an interval of a few da)S, the patient was gnen 1 cc of 
solution of epinephrine hydrochloride (1 1000) subcutaneously together 
with his first test bieakfast The results of gastric analysis are shown 
m table 4 

Table 3 — Acidity of Contents of Stomach Aftei Ingestion of Pilocai pine 

Hydi ocltloi ide Hypodci mically 


First Breakfast 

A 

Second Breakfast 

A 

Free Total 

Hydrochloric Acid Acidity 

f 1 ' 

Free 

Hydrochloric Acid 

Total 

Acidity 


After 15 minutes 

0 

6 

IS 

25 

After 30 minutes 

0 

S 

35 

3S 

After 45 minutes 

14 

26 

42 

56 

After 60 minutes 

26 

2S 

36 

43 

Total 

40 

6S 

131 

162 


Table 4 — Acidity of Contents of Stomach Aftei Ingestion of Epmcphnne 

Chloride Subcutaneously 


First Breakfast Second Breakfast 

A , A 



Free 

Total 

FTee 

Total 


Hydrochloric Acid 

Acidity 

Hydrochloric 4.eid 

Acidity 

After 15 minutes 

2S 

C6 

6 

14 

After 30 minutes 

32 

SO 

32 

43 

After 45 minutes 

42 

54 

23 

34 

After 60 minutes 

34 

44 

15 

21 

Total 

136 

173 

7 G 

112 


If the normal type of gastric secietion is compaied with the gastric 
secretion in this type following the administration of atropine it is 
noted that following the stimulation by atropine, the secreting cells 
respond rapidly during the first hour, but soon become exhausted during 
the second hour , that is to say, under the influence of atropine, the 
noimal type of secretion is converted into the asthenic t)pe 

Aftei pilocarpine is given theie is a sluggish secretion during the 
first hour, while dui mg the second houi there is a gradual increase 
Thus, pilocarpine converts the normal type of gastric secretion into the 
inert type This obseivation may possibh account for the contradictory 
repoits on the effect of pilocarpine on gastric secretion made by "canons 
investigators Those who watched the first phase of the action of 
pilocarpine would report either inhibition of secretion or no alteration 
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of secretion, while those who observed the second phase of the gastric 
secietion for a longer period of time, would find an increase in 
secietion 

Aftei the admmisti ation of epinephrine, the gastric cells respond 
with an increased secietion during the first horn, while in the second 
hour, the secietion is sluggish In other woids, epinephrine converts 
the normal type of gastric secretion into the asthenic type 

The foiegoing observations are in accord with those of Zimnitzky, 48 
Gurvitch, 50 and Pshenitchnikov/’ 1 who found that ati opine and epi- 
nephnne comerted the noimal type of secietion into the asthenic type, 
while pilocai pine changed it into the inert type 

Similai studies were cairied out with patients who demonstrated 
abnoimal types of gastnc secietion 

Case 2 — I R, a married woman, complained of gas, pressure m epigastrium, 
eructation, headaches localized m temples “like strokes of a hammer,” and 
globus hjstericus This patient had a good appetite The results of the 

Table 5 — Acidity of Contents of Stomach Aftct Ingestion of Food 


First Brenkfnst Second Brenkfnst 

A - -- A 


After 15 minutes 

Tree 

Hjdrocliloric Veld 

0 

Total 

Aciditj 

S 

Free 

Hjdrocliloric Acid 

0 

Totnl 

Vciditj 

7 

After 30 minutes 

0 

G 

0 

«> 

After 15 minutes 

0 

12 

0 

10 

After GO minutes 

0 

b 

0 

10 

Total 

0 

il 

0 

30 


examination of the stool and urine were normal No abnormalitj was noted 
on physical examination Diagnosis of lnstcria was made The results of 
gastric analysis are shown m table 5 Twciitv-four cubic centimeters of the con- 
tents of the stomach w r as aspirated while the patient was fasting, Guaiac was 
found to be negative, the free h)drochloric acid 4, and the total aciditv 12 

It would be desirable, in this case, to have a method to detcimine 
with some degiee of assuiance whether this torpor belonged to the 
functional or to the oiganic group With this m mind, the foiegoing 
proceduie was lepeated a few days later, but at this time, 1 cc of 
epinephnne was given subcutaneously at the time of the first test 
breakfast The lesults aie shown in table 6 

By the use of epinephnne, the toipor was found to be a functional 
one, since the epinephnne conveited the type of gastric secietion from 
one of torpor to the asthenic type The gastnc cells vveie still capable 
of responding with secietion, although they had been kept in such a 

51 Pshenitchnikov, cited by Zimmtzkv, S Ueber die ncuc Methode der 
functionellen Magenuntersuchungen und llirc Resultate, Ztschr f d ges Exper 
Med 44 181, 1924 
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phase of activity that a normal stimulus was not any longer capable 
of stimulating them 

In contrast with the foregoing case, is the following one in which 
the condition is diagnosed as carcinoma of the stomach 

Case 3 — J H, a man, aged 51, an iron molder, had been complaining of 
pain in the epigastrium, lack of appetite and loss of weight during the past 

Table 6 — Acidity of Contents of Stomach Aftci Ingestion of Epnicpluinc 


First Breakfast Second Breakfast 

K - A 



Free 

Total 

Free 

Tot il 


Hydrochloric Acid 

Acidity 

Hjdrochloric Acid 

Aciditj 

After 15 minutes 

12 

2S 

9 

19 

After 30 minutes 

21 

39 

IS 

23 

After 45 minutes 

2S 

42 

21 

3S 

After 60 minutes 

19 

23 

12 

30 

Total 

SO 

132 

62 

110 


Table 7 — Acidity of Contents of Stomach Aftci Ingestion of Food 


First Breakfast Second Breakfast 

A A 



Free 

Total 

Free 

Total 


Hydrochloric Acid 

Aciditj 

Hydrochloric 4cid 

Acidity 

After 15 minutes 

0 

8 

0 

10 

After 30 minutes 

0 

11 

0 

IS 

After 45 minutes 

0 

15 

0 

10 

After GO minutes 

0 

6 

0 

s 

Total 

0 

40 

0 

32 


Table 8 — Acidity of Contents of Stomach Aftci Ingestion of Epntcphi me 


First Breakfast 

A _ _ 

Second Breakf ist 

Free Total 

Hydrochlonc Acid Aciditj 

r 

Free 

Hydrochloric Acid 

Total 

Aciditj 


After 15 minutes 

0 

12 

0 

9 

After 30 minutes 

0 

10 

0 

12 

After 45 minutes 

0 

7 

0 

S 

After 60 minutes 

0 

6 

0 

5 

Total 

0 

35 

0 

34 


eight months He first consulted a chiropractor whose manipulation of the 
vertebrae did not improve his condition When first examined by a plnsician, 
a mass about as large as a golf ball was found m the epigastrium, abote and to 
the right of the umbilicus Roentgen-ray diagnosis was carcinoma of the 
pylorus Gastric analysis and other laboratory observations confirmed tins 
diagnosis Three hundred and twenty cubic centimeters of foul smelling con- 
tents of the stomach was aspirated while the patient was fasting there was not 
any free hydrochloric acid found, the total acidity was 15 The results of the 
gastric anal} sis are shewn in table 7 

The result of the gastric analysis aftei the administration of 
epinephrine with the hist test bieakfast are shown in table 8 
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Thus the toipoi of oiganic origin is unaffected by the administration 
of epmepluine The lesults of gastnc analysis of the same patient aftei 
injection of atropine at the time of the hist test breakfast is shown 
m table 9 

The lesults of gastnc anal) sis in this patient aftei the administiation 
of pilocaipme aie indicated in table 10 


Table 9 — Acidify of Contents of Stomach Aftei Ingestion of At) opine 



First Brenkfn't 

Second Brenkfnst 












Tree 

Total 

Tree 

Totnl 


Hjdroeliloric Acid 

Aciditj 

Hjdroeliloric Acid 

Acidity 

After 1") minutes 

0 

C 

0 

f. 

After 30 minutes 

0 

30 

0 

9 

After 45 minute' 

0 

32 

0 

<) 

After CO minutes 

0 

S 

0 

7 

lotnl 

0 

30 

0 

33 


Table 10 — Acidity 

of Contents of Stomach Aftei 

Ingestion of Pilocaipme 


Tirst Brenkfnst 

Second Bre lkfn't 


Tree 'totnl 

Hjdroeliloric Acid Uidltj 

Tree 'J otnl 

Hjdroeliloric Acid \cldltj 

After 35 minutes 

After 10 minutes 
\fter 45 minutes 

After 00 minutes 

0 1 

0 C 

0 fc 

0 S 

0 4 

0 0 

0 0 

0 C 

Totnl 

0 30 

0 31 


Table 11 — Acidity of Contents of the 

Stomach 

Aftei Ingestion 

of Food 

rir't Breakfast 

Second Breakfast 

Freo 

Hjdroeliloric \cid 

\fter 35 minutes 0 

After 30 minutes S 

After 15 minutes 32 

After CO minutes 30 

'totnl 
lcidit j 

S 

21 

21 

20 

i 

Tree 

Hjdroeliloric \cJd 

10 

15 

52 

27 

'total 

Aciditj 

32 

20 

45 

30 

Totnl CG 

73 

S4 

333 


Evidence is piesented then, that wheie the torpoi is organic, neither 
atropine, pilocaipme noi epinephnne can stimulate the gastric cells to 
secretion 

CAsr 4 — K D, aged 47, complained of epigastric discomfort, feeling of 
fulness, eructation of gas with fetid odor, bad taste m the mouth, occasional 
nausea and vomiting He was generally constipated, but occasionally had attacks 
of diarrhea A diagnosis of pulmonary tuberculosis was made The results of 
gastric analysis are shown in table 11 Twentv-two cubic centimeters of the con- 
tents of the stomach was aspirated while the patient was fasting, the free 
hydrochloric acid was found to be 8 and the total acidity was found to be 24 
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The gastric reaction in the foregoing case falls into the meit 
hyposecretory type A few da}s later, ati opine was injected into the 
patient at the tune of the first test bieakfast, with the results shown 
m table 12 

After ati opine has been gi\ en, an meit h}posecretor\ t}pe of secre- 
tion remains unchanged as to t>pe, but the work of the gastric cells 


Table 12 — Acidity of Contents of Stomach Aftci Ingestion of Ati opine 
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The overstimulation of gastric cells that were already fatigued, 
resulted in complete inhibition due to overloading the cell In short, 
functional torpor has been produced m this case of an inert hyposecre- 
tion by the use of pilocarpine 

Case 5 — T L, aged 32, a married woman, complained of weakness, visual 
disturbance and loss of appetite Hfcr skm had a lemon-yellow tint The result 

Table 15 — Acidity of Contents of Stomach Aftci Ingestion of Food 


First Breakfast Second Breakfast 

- A - — ■ A 


A 

Trees 

Total ' 

Tree 

Totnl ' 

Hydrochloric Acid 

Aclditj 

Hydrochloric Acid 

Acidity 


After 15 minutes 

0 

If. 

0 

SI 

After SO minutes 

0 

22 

0 

32 

After 45 minutes 

0 

21 

0 

32 

Alter 00 minutes 

0 

20 

0 

empty 

Totnl 

0 

70 

0 

95 


Table 16 — 4cidit\ of Contents of Stomach Aftci 

Ingestion of Ati opine 

Tirst Breakfast 


Second Breakfast 

Tree 

Total ' 

Tree 

Total ' 

Hydrochloric Acid 

Acidity 

H\drochlorIc Acid 

Acidity 

After 15 minutes 0 

17 

0 

20 

Alter 30 minutes 0 

IS 

0 

2S 

After 15 minutes 0 

2S 

0 

32 

Alter 00 minutes no contents 

20 

O 

29 

Totnl 0 

Gj 

0 

118 


Table 17 — Acidity of Contents of Stomach Aftci 

Ingestion of Pilocai pmc 


First Breaking 

Second Breakfast 


Tree 

'.lotal 

Free 

’lotal 


Hy drotliloric Acid 

Acidity 

Hydrochloric Acid 

Acidity 

Alter 15 minutes 

0 

23 

0 

23 

Alter 30 minute' 

0 

2G 

0 

20 

After 43 minutes 

0 

21 

0 

23 

After 00 minutes 

0 

23 

0 

23 

Total 

0 

03 

0 

93 


of the Wassermann reaction was negative Red blood cells numbered 2,300 000, 
white blood cells 4,000, and hemoglobin 40 per cent The smear taken showed 
everv symptom of pernicious anemia Except for e\idence of extreme anemia, 
the remainder of the examination was essentially normal There was not any 
fasting contents obtained 

Aftei the administration of atropine, the results of the gastric 
analysis weie as shown m table 16 

After the administration of pilocaipme the lesults of gastnc analysis 
are given in table 17 
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After the administration of epinephrine, gastric anal} sis was made 
The results are shown m table 18 

In this case of pernicious anemia, the gastric cells are totally 
exhausted and cannot be stimulated to activity, whether the stimulus 
be a normal one, such as the meat broth, or whether it be reinforced by 
a drug such as atropine, epinephrine or pilocarpine 

Table 18 — Acidity of Contents of the Stomach Aftci Ingestion of Epinephrine 


Tint Breakfast Second Breakfast 

. > 



Free 

Total 

Free 

Total 


Hydrochloric Acid 

Acidity 

Hydrochloric Acid 

Acidity 

After 35 minutes 

0 

22 

0 

os 

After 20 minutes 

0 

20 

0 

20 

After 45 minutes 

0 

2S 

0 

1) 

After 00 minutes 

0 

24 

0 

25 

Total 

0 

301 

0 

323 


Table 19 — Acidity of Contents of the Stomach Aftci Ingestion of Food 


First Breakfast 

A _ 

Second Breakfa=t 

Free Total 

Hydrochloric Acid Acidity 

t 

Free 

Hydrochloric Acid 

Total 

Acidity 


After 15 minutes 

25 

42 

32 

'4 

After 30 minutes 

60 

77 

30 

53 

After 45 minutes 

£0 

03 

1/1 

72 

After CO minutes 

32 

60 

40 

52 

Total 

217 

278 

353 

211 


Table 20 — Acidity of the Contents of the Stomach Aftci 

Ingestion of Aii opine 


First Breakfast 

Second Breakfast 


Free 

Total ' 

Free 

Total ' 


Hydrochloric Acid 

Acidity- Hy drochloric Acid 

Acidity 

After 15 minutes 

0 

34 

0 

32 

After 30 minutes 

30 

25 

34 

24 

After 45 minute« 

32 

63 

02 

74 

After 00 minutes 

47 

34 

31 

63 

Total 

133 

150 

327 

173 


Case 6 — AV K, a man, aged 41, complained of pain in the epigastrium, v Inch 
usually came on from one to two hours after eating This pain v as aggravated 
by certain foods taken He did not vomit but had sour eructations The results 
of a physical examination revealed tenderness and -voluntary rigidity just above 
the umbilicus, a large dilated stomach and blood in the stool Roentgen-ray 
diagnosis was ulcer of the stomach situated near the pjlorus The results of 
gastric analysis are shown in table 19 Eighty cubic centimeters of the con- 
tents of the stomach was aspirated while the patient was fasting, the free 
hydrochloric acid was found to be 28, and the total acidity 42 

The patient demonstrates the asthenic hyperacid t\pe of secretion 
After the administration of atropine gastric anahsis was made 
The results are shown in table 20 
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Thus, after atropine is given, the type of secretion is nearer that 
of the normal, although the hyperacidity peisists It has been observed 
clinically that atropine pioduces aggia\ation of symptoms in some cases 
of gastric ulcer, whereas in others it appaiently pioduces relief from 
symptoms This difference of action can be explained by stating that 
in those cases in which the gastiic cells hate letained their power of 
accommodation, ati opine, by conveitmg the asthenic hyperacid type of 
secretion into the noimal ty r pe, pioduces relief, but in cases in which 
the dysfunction has leached a point wheic comersion of one type to 
anothei is no longer possible, atropine either does not hate any effect, 
or else may seive to aggratate the dysfunction 

Table 21 — Acidity of Contents of Stonwli Afta Ingestion of Epmcphnnc 


first Breakfast Second Breakfast 

« . , ' 



Tree 

'iotnl 

Tree 

Total 


Hydrochloric Acid 

Acidity 

Hydrochloric Acid 

\cidity 

After 13 minutes 

12 

10 

12 

23 

After 30 minutes 

09 

r >0 

20 

31 

After 43 minutes 

43 

51 

17 

31 

After GO minutes 

;s 

47 

33 

43 

Total 

132 

170 

112 

111 


Table 22 — Acidity of Contents of Stomach After Ingestion of Pilocarpine 


first Breakfast Second Brenkfn't 

A , A 




Tree 

Iotnl 

Tree 

Total 



H\droehloric Acid 

Aciditv 

Hydrochloric \cid 

Acidity 

After 13 

minutes 

14 

on 

OS 

12 

After 30 

minutes 

24 

32 

52 

03 

After 41 

minutes 

42 

31 

GS 

70 

After GO 

minutes 

32 

41 

G1 

70 

Total 


112 

133 

222 

200 


After the administration of epinephrine, gastiic analysis ga\e the 
results shown m table 21 

After epinephrine is given there is a decrease in the acidity, but the 
asthenic type of the secretion remains 

Pilocarpine was next admimsteied The following results of gastric 
analysis are shown in table 22 

Here, then, the pilocarpine has comerted an asthenic type of secre- 
tion into an inert type 

Case 7 — H F, a man, aged 26, armed m Detroit from Argentina three 
days before Ins first visit to me While on the boat coming to Detroit he 
developed jaundice When first seen, the shin and sclerae were yellow, the 
urine tvas dark and gave a postive reaction to bile The stools were clay colored 
The results of a physical examination -were otherwise normal The jaundice 
gradually disappeared, and the condition was diagnosed as catarrhal jaundice 
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The gastric analyses recorded in table 23 were made while the jaundice was still 
present Thirty -two cubic centimeters of the contents of the stomach was 
aspirated wdnle the patient w r as fasting, the free hydrochloric acid was found 
to be 15, and the total acidity 36 

This is the hypersecretor) -asthenic t)pe of gastric secretion, usuall) 
noted m cases of catarrhal jaundice, winch indicates that the gastric 
cells are in a state of irritation and due to this irritation, are approacli- 


Table 23 — Acidity of Contents of Stomach Aftci Ingestion of Food 


First Breakfast Second Breakfast 

<*• A 


/ K 

‘ ' \ 

, * 


Free 

Tot'll 

Free 

Totnl 

Hydrochloric Acid 

Acidity 

Hydrochloric Icid 

Acidity 


After 15 minutes 

23 

40 

23 

42 

After SO minutes 

50 

70 

51 

71 

After 45 minutes 

6S 

S2 

4S 

OS 

After 00 minutes 

5S 

72 

43 

53 

Total 

205 

270 

105 

234 


Table 24 — Acidity of Contents of Stomach Aftci 

Ingestion of Epm 

ephnne 


First Breakfast 

Second Breakfast 


Free 

Total 

r 

Free 

Total ‘ 


Hydrochloric Acid 

Acidity 

Hydrochloric Acid 

Acidity 

After 15 minutes 

10 

21 

SI 

57 

After SO minutes 

2S 

35 

00 

72 

After 45 minutes 

00 

75 

72 

81 

After 00 minutes 

GS 

82 

5S 

GO 

Total 

100 

210 

224 

270 


Table 25 — Acidity of 

Contents of the Stomach Aftci 

Ingestion of Pilocai pine 


First Breakfast 

Second Breakfast 


Free 

Totnl 

Free 

Totnl 


Hydrochloric Acid 

Acidity Hydrochloric Acid 

Acidity 

After 15 minutes 

4 

12 

11 

21 

After 30 minutes 

24 

SO 

3S 

52 

After 45 minutes 

30 

SO 

00 

7> 

After 00 minutes 

33 

40 

5T 

6G 

Total 

91 

127 

103 

214 


mg the point of fatigue, as may be seen from the decrease in the secre- 
tion with the second test breakfast After epinephrine was administered 
gastric analysis was made The results are shown m table 24 

Although, after epinephrine was given, the lnperacidity persisted, 
the type ot secretion approached more closely the normal 

As m the previous cases, pilocarpine was administered The obser- 
vations made in this case are listed m table 25 

Pilocarpine has converted a hypersecretory asthenic t}pe of secre- 
tion into a normosecretory inert type One can assume that the pilo- 
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carpme, leaching irntated gastnc cells that weie already near fatigue, 
further depressed their secretoiy activity by overstimulation The 
patient’s jaundice did not peisist long enough to determine the effect 
of atropine on his gastnc secietion 

CONCLUSIONS 

1 Evidence is presented to show that one type of gastric secretion 
can be converted into a different type of secietion by the use of 
ati opine, epinephrine or pilocaipine 

2 The use of these diugs is suggested as a diagnostic measure in 
diffei entiating functional from oiganic achylia 

3 Since the lesene eneig) of the cell depends on the functional 
phase oi degiee of fatigue of the cell at the time that stimulation is 
instigated, the use of atropine, epinephiine and pilocarpine furnishes 
a means of estimating the lesene eneig\ of the secreting gastnc cells 

4 An explanation is offered leconcihng prcwous appaiently con- 
tiadictoiy observations on the action of ati opine, epinephiine and pilo- 
caipme on the stomach 

620 Maccabee Building 



AREA OF THE BODY SURFACE AND MEASURE- 
MENTS OF THE NORMAL HEART 

A PRELIMINARY REPORT ' 

R W ICISSANE, MD 

COLUMBUS, 0 

There has been insufficient study of the measurements of the noimal 
heart The numbei of cases of normal hearts measured in men aie com- 
paiatively few, while the numbei for women and children aie still less 1 
The averages and langes of measuiements are usually given for weight, 
height, age and diametei of the chest , but, as suggested by Cohn - aftei 
a study of his curves and those of Dietlen 3 and Schieffei, 1 in judging 
the nonnahty of a given heart, it is necessaiy to have more than a single 
cnterion, such as weight or height A review of the hteiatuie on 
measurements of noimal hearts fails to show any classification of the 
persons studied m legard to whethei they were above, below or of 
average or ideal weight for the lespective height and age 

According to the investigations of Deutsch and Kauf, 1 theie is a 
dnect l elation between weight and the diameter of the chest Since 
both height and weight can be used for the determination of the area 
of the body surface, 5 I piopose to investigate the possibility of using 
the area of the body surface as a cnteiion for judging the nonnahty 
of a given heart Not only does body surface area mcoipoiate weight, 
but there appeals to be a relation between this area and the size of the 
capillary bed Since the size of the entire capillary bed depends on 
the size of the body and its organs, as does the aiea of the bod\ suiface, 
it is reasonable to suppose that a duect relation exists between the area 
of the body surface and the size of the capillary bed Also as, quoting 

^ From the Departments of Cardiology, White Cross Hospital and Children’s 
Hospital 

1 Deutsch, Kauf and Warfield Heart and Athletics, St Louis, C V Mosbj 
Company, 1927, pp 43 and 36 

2 Cohn, A E An Investigation of the Size of the Heart in Soldiers bv the 
Teleroentgen Method, Arch Int Med 25 499 (May) 1920 

3 Dietlen, H Ueber Grosse und Lage des normalen Herzens und lhre 
Abhangigkeit von phvsiologischen Bedmgungen, Deutsches Arch f Klin Med 
88 55, 1906 

4 Schieffer Ueber den Emfluss des Militardienstes auf die Herzgrosse, 
Deutsches Arch f Klin Med 92 392, 190S 

5 DuBois E F Basal Metabolism in Health and Disease, p 1 4 3 chart 
b\ W M Boothbv and R B Sandiford, Philadelphia Lea & Febiger, 1924 
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from Hershfelder, 0 “Jostle” 7 has shown, lepeated injections of 
epinephrine in the rabbit aie followed by a permanent rise m blood 
pressure Aubertin 8 has found hyperplasia of the supraienals 
m arteriosclerotic persons, while A E Cohn found the same 
condition m patients without artenoscleiosis Moreover, Fraenkel 0 
found an increase of epinephrine in the blood of onl) a small percentage 
of patients with hypertension It therefore seems possible that hyper- 
trophy of the heart and artenoscleiosis may often be the result of a 
hypersecretion of epinephrine, peihaps also of some other internal 
secretion Since Herschfelder found that epinephrine causes a con- 
striction of the peripheral vessels and capillary bed 0 with increased 
heart effort, while Dale, Laidlaw and Richards, 10 who made experiments 
with histamine, found a dilatation of the capillaries and a pooling of the 
blood in the capillary bed and decreased cardiac output, which according 
to MacKenzie 11 is a cause of heart failure, it is leasonable to suggest 
that there is possibly a closer relation between the area of the body 
surface and the size of the heart than just the fact that this area 
incorporates height and weight 

In this report I have not used my o\\ n figures, but have taken those 
of the 204 soldiers imestigated b} Cohn* and the 277 im estigated by 
Smith, 12 making altogether 4S1 cases studied This material was used 
because there weie complete data as to height, weight, age, etc , for each 
case In the deteimmation of the area of the body sui face, the chart 
from DuBois ' was used, vlnle in the determination of the ideal body 
weight, figures commonh used by the insurance companies were 
employed (table 3) 

METHOD 

The area of the bod} surface was computed in eacli of the 4S1 c iscs these 
were classified into groups with areas of from 1 4 square meters to 149 square 
meters inclusive and so on up to 2 1 square meters, w ith a range of 0 1 square 
meter in each group (table 1) The a\erage and range of the measurements of 
the transverse diameter of the hearts in each group were computed, also those 

6 Herschfelder, J O Disease of the Heart and Aorta, Philadelphia, J B 
Lippincott Compam, 1918, pp 26S and 355 

7 Josue, O Atherome aortique experimental par injections repetees d’adre- 
nalme dans les \eins, Compt rend Soc dc biol 55 1374, 1903 

8 Aubertin and Ambaid Lesions dcs capsules surrenales dans les nephrites 
aves hypertension, Bull et mem Soc med d hop de Pans 19 175, 1904 

9 Fraenkel Arch f exper Path u Pharmahol 60 394, 1909 

10 Dale, Laidlaw and Richards J Phvsiol 52 110, 1918, 52 355, 1919 

11 MacKenzie, Sir James Diseases of the Heart, New' York, Oxford Uni- 
versity Press, 1925, p 26 

12 Smith, B Teleroentgen Measurements of the Hearts of Normal Soldiers, 
Arch Int Med 25 522 (May) 1920 
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Table 1 — Companson of Actual and Ideal Area of Body Suifacc and J! eight in 

481 Cases Classified m Gioups 


Actual Ideal 


Surfaco 

Weight 

Transverse 

Actual 

Ideal 



Area, 

Surface Area, 

Diameter, 

Weight, 

Weight, 

Height, 


Sq Meters 

Sq Meters 

Cm 

Kg 

Kg 

Cm 

Age 

147 

142 

13 0 

53 

47 

152 

29 

1 11 

1 40 

13 4 

53 

4S 

137 

21 

1 58 


12 

54 


104 

40 

1 55 


119 

54 


102 

20 

1 54 

147 

12 8 

55 

49 

153 

29 

1 55 

1 47 

13 9 

50 

49 

15S 

25 

158 

1 48 

12 3 

57 

48 

1GO 

19 

1 55 

141 

12 0 

58 

40 

155 

20 

1 59 

1 50 

12 7 

58 

50 

ICO 

23 

1 58 

1 48 

12 4 

59 

49 

100 

24 

1 05 


13 8 

50 


173 

24 

104 


12 3 

50 


171 

27 

1 02 


112 

50 


10S 

22 

1 G3 


12 0 

57 


108 

24 

1 00 


11 5 

57 


172 

20 

1 01 


112 

57 


105 

23 

101 

1 53 

12 8 

58 

51 

103 

24 

1 04 


11 4 

58 


103 

25 

105 


112 

58 


170 

25 

108 


11 5 

59 


109 

21 

104 

1 5S 

11 5 

59 

53 

100 

25 

105 


12 5 

59 


107 

23 

109 


12 4 

00 


177 

25 

1G2 

152 

13 3 

00 

51 

102 

23 

104 

1 5G 

13 3 

00 

53 

104 

29 

108 


12 5 

00 


170 

24 

1 G8 

150 

12 8 

01 

50 

101 

2 7 

1 G9 

101 

10 5 

01 

55 

103 

29 

102 

1 55 

13 

01 

53 

1G4 

25 

105 

1 52 

112 

G2 

51 

103 

24 

1 08 

157 

14 2 

02 

55 

100 

30 

167 

1 54 

14 

03 

52 

103 

33 

107 

1 54 

13 5 

03 

52 

103 

20 

108 

154 

12 8 

03 

52 

104 

20 

109 

1 55 

12 

04 

53 

104 

29 

161 


121 

55 


108 

27 

105 


110 

55 


173 

21 

1 GO 


116 

55 


105 

23 

1 63 

1 53 

12 7 

57 

51 

103 

24 

1 01 


11 7 

57 


103 

31 

102 


12 4 

57 


108 

20 

1 OS 


12 5 

57 


175 

20 

101 

1 51 

12 G 

58 

50 

103 

20 

165 

1 51 

12 8 

58 

50 

103 

20 

105 

1 54 

12 7 

58 

52 

163 

30 

102 


12 0 

58 


105 

30 

104 

1 57 

12 5 

58 

52 

103 

19 

1G3 

155 

13 5 

59 

52 

103 

23 

1G3 

1 5G 

11 5 

59 

53 

103 

25 

103 

15G 

12 0 

59 

53 

103 

29 

1 09 


12 8 

58 


173 

28 

1 GO 

149 

12 4 

59 

49 

100 

24 

1G3 

153 

121 

59 

51 

103 

22 

100 


12 6 

59 


1GS 

24 

100 


12 8 

59 


10S 

20 

1 07 


13 0 

59 


170 

23 

1 G7 


12 7 

59 


170 

23 

1 07 


12 8 

59 


170 

30 

1 09 


12 7 

59 


173 

24 

109 


12 9 

59 


173 

27 

1 09 


12 7 

59 


173 

28 

109 


12 7 

59 


173 

23 

102 

1 47 

12 7 

01 

48 

100 

20 

102 

1 50 

11 9 

01 

50 

ICO 

20 

1 04 

1 54 

101 

01 

52 

103 

20 

100 

1 55 

12 0 

01 

52 

103 

24 

1 08 

1 5S 

12 8 

01 

5S 

103 

19 

1 OS 

1 01 

12 2 

01 

55 

1GS 

20 

108 

1 01 

11 7 

01 

55 

1GS 

23 

1 OS 

101 

12 5 

01 

55 

10S 

JO 

1 09 

1 02 

11 4 

01 

55 

170 

23 

1 09 

1 03 

12 7 

01 

50 

170 

23 


138 


ARCHIVES OF INTERNAL MEDICINE 


Table 1 — Comparison of Actual and Ideal Aica of Bodv Surface and Weight m 
481 Cases Classified m Gioitps — Continued 


Actual 

Ideal 






Surface 

Weight 

Transverse 

Actual 

Ideal 



Area, 

Surface trea, 

Diameter, 

Weight, 

Height, 

Height, 


Sq Meters 

Sq Meters 

Cm 

Kg 

Kg 

Cm 

Age 

1 CO 


337 

02 


157 

25 

1 03 

1 94 

12 9 

02 

72 

303 

20 

1 GO 

1 00 

11 5 

02 

31 

3GS 

22 

1 00 

3 Cl 

332 

02 

> ) 

3GS 

25 

1 GO 

1 01 

351 

02 

55 

3 OS 

28 

1 CO 


11 3 

03 


177 

20 

1 G4 

1 49 

11 S 

03 

TO 

100 

.90 

1 07 

3 94 

11 4 

03 

72 

303 

27 

1 09 

1 4S 

12 9 

07 

49 

ICO 

22 

1 70 


32 7 

00 


172 

25 

1 70 


32 7 

79 


177 

39 

1 71 


11 3 

GO 


174 

29 

1 77 


32 3 

CO 


18' 

25 

171 


30 S 

(4) 


171 

21 

1 70 


32 9 

GO 


IT” 

23 

1 72 


11 S 

03 


174 

24 

1 73 


11 7 

01 


176 

27 

1 73 


11 9 

02 


17" 

29 

1 71 


12 9 

02 


171 

20 

173 


12 3 

Cl 


173 

25 

1 71 


1° 

02 


370 

29 

1 74 

104 

12 S 

63 

55 

172 

30 

1 75 


17 8 

0” 


174 

40 

1 71 

1 01 

13 3 

(A 

”5 

ICO 

21 

1 71 

1 03 

12 

(A 

50 

ICO 

28 

1 77 


127 

03 


178 

23 

172 

1 02 

11 3 

03 

55 

170 

23 

1 7" 

1 03 

10 3 

or, 

70 

172 

20 

1 71 

1 CO 

14 4 

01 

73 

107 

SO 

1 70 

3 99 

33 8 

03 

"4 

107 

24 

1 70 


12 S 

04 


174 

23 

1 71 

1 00 

12 7 

( 4 

55 

367 

31 

1 77 

3 07 

33 4 

01 

57 

173 

21 

1 78 


32 2 

01 


170 

21 

1 71 

1 39 

12 3 

01 

34 

147 

24 

1 74 

3 Of 

32 S 

(►4 

TO 

371 

20 

1 72 

3 01 

13 2 

< 1 

55 

ios 

2S 

1 70 


14 2 

or. 


177 

2S 

1 78 


13 3 

03 


173 

2S 

1 73 

1 37 

12 8 

or. 

y» 

308 

20 

174 

1 01 

11 8 

05 

74 

370 

20 

1 7S 

1 72 

12 8 

07 

0 

370 

21 

1 70 

3 50 

32 3 

07 

52 

304 

27 

1 70 

3 07 

12 8 

or. 

78 

172 

27 

1 74 

1 03 

12 7 

or, 

55 

170 

23 

1 74 

3 IS 

11 2 

or, 

74 

370 

20 

1 72 

3 33 

11 0 

GO 

5> 

103 

*>> 

171 

1 30 

13 7 

no 

73 

301 

27 

173 

1 01 

12 4 

GO 

55 

107 

26 

1 71 

1 30 

12 0 

CO 

72 

317 

21 

1 70 

1 49 

14 7 

07 

TO 

101 

25 

1 79 

1 09 

14 0 

07 

78 

17" 

20 

1 74 

1 00 

137 

07 

55 

107 

27 

1 74 

1 00 

34 4 

07 

73 

107 

20 

1 75 

1 01 

34 

07 

55 

108 

27 

1 70 

102 

33 2 

07 

55 

109 

23 

1 77 

1 07 

33 

07 

55 

170 

24 

1 70 

3 37 

33 3 

OS 

rt> 

307 

49 

1 78 

1 03 

33 

OS 

55 

171 

24 

1 78 

3 03 

13 4 

OS 

55 

171 

21 

1 77 

1 03 

19 8 

OS 

5G 

170 

20 

1 77 

1 39 

32 9 

09 

71 

307 

oo 

1 78 

1 03 

14 8 

09 

TO 

309 

20 

1 78 

ICO 

15 

71 

55 

107 

20 

1 78 

1 50 

324 

72 

32 

105 

23 

1 71 


12 4 

5S 


378 

23 

171 


31 8 

9S 


17S 

24 

1 73 


125 

3S 


180 

24 

1 72 


12 9 

79 


377 

19 

1 72 


12 8 

79 


177 

21 

1 72 


12 7 

59 


177 

27 

1 72 


12 8 

79 


375 

SO 

1 72 


12 3 

59 


378 

22 
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Table 1 —Companson of Actual and Ideal Aica of Body Swfacc and JJ eight in 
'481 Cases Classified in Gioups — Continued 


Actual 

Ideal 






Surface 

Weight 

Transverse 

Actual 

Ideal 



Area, 

Surface Area, 

Diameter, 

Weight, 

Weight, 

Height, 


Sq Meters 

Sq Meters 

Cm 

Kg 

Kg 

Cm 

Age 

172 


12 5 

59 


17S 

27 

1 72 


14 

59 


178 

30 

172 


12 7 

00 


175 

oo 

1 71 


121 

01 


173 

20 

1 71 


131 

61 


173 

22 

171 


13 2 

61 


173 

23 

1 71 


116 

61 


173 

24 

173 


113 

61 


175 

19 

1 73 


10 6 

01 


175 

22 

1 73 


11 2 

61 


175 

22 

1 73 


11 S 

61 


175 

23 

1 73 


12 

61 


175 

27 

175 


12 4 

61 


17S 

20 

175 


116 

61 


178 

21 

175 


12 

61 


178 

23 

175 


12 4 

61 


178 

30 

1 77 


12 8 

61 


ISO 

23 

177 


121 

61 


ISO 

24 

177 


118 

01 


ISO 

30 

1 70 

164 

11 4 

62 

56 

170 

26 

172 

166 

11 1 

62 

56 

173 

19 

1 74 


12 6 

62 


175 

24 

175 


118 

62 


178 

22 

176 


12 2 

62 


178 

23 

1 76 


11 1 

62 


178 

28 

176 


12 6 

62 


178 

29 

1 70 

1 60 

121 

03 

54 

ICS 

23 

170 

1 61 

11 8 

63 

55 

16S 

26 

1 72 

162 

115 

63 

55 

170 

22 

172 

1 62 

136 

63 

55 

170 

22 

1 72 

1 62 

11 7 

63 

55 

170 

23 

172 

162 

117 

63 

55 

170 

24 

174 

166 

13 2 

63 

56 

173 

20 

174 

167 

11 2 

03 

57 

173 

22 

1 74 

167 

11 6 

63 

57 

173 

23 

174 

167 

118 

63 

57 

173 

23 

174 


115 

63 


173 

25 

1 74 


12 

63 


173 

25 

1 74 


12 7 

63 


173 

26 

3 74 


12 

63 


173 

28 

175 


10 6 

63 


175 

22 

175 


111 

63 


175 

27 

175 


11 4 

63 


175 

27 

1 78 


11 

63 


178 

19 

1 78 


12 2 

63 


178 

23 

1 78 


11 1 

63 


178 

24 

178 


12 9 

G3 


ITS 

25 

178 


12 

63 


178 

27 

1 78 


12 1 

63 


178 

2S 

172 

1 57 

117 

64 

57 

168 

20 

1 72 

1 00 

12 0 

04 

54 

10S 

22 

1 73 

1 62 

12 3 

64 

55 

170 

21 

173 

1 62 

117 

64 

55 

170 

23 

1 73 

162 

12 6 

64 

55 

170 

24 

1 75 

1 67 

12.4 

64 

57 

17? 

21 

1 75 

167 

12 

64 

57 

173 

24 

1 77 


12 7 

64 


175 

22 

1 77' 


12 6 

64 


175 

20 

1 77 


12 4 

04 


175 

20 

1 79 


12 8 

64 


178 

23 

1 79 


12 4 

64 


178 

25 

1 79 


131 

64 


178 

25 

1 79 


12 3 

64 


ITS 

2G 

1 70 

1 5S 

12 6 

Go 

52 

165 

23 

1 72 

1 60 

13 2 

64 

54 

16S 

23 

1 72 

161 

13 2 

65 

55 

1GS 

27 

1 74 

162 

12 8 

65 

55 

170 

22 

1,70 

1 65 

13 1 

G5 

5G 

173 

19 

1 76 

1 68 

12 6 

G> 

5 S 

173 

25 

1 76 

1 6S 

13 4 

(>5 

5S 

173 

20 

1 7S 

1 70 

12 5 

65 

3S 

175 

20 

178 


13 

G5 


175 

26 

1 75 

1 02 

13 7 

60 

55 

170 

23 

1 75 

160 

134 

67 

54 

ICS 

24 
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Table 1 — Compai ison of Actual and Ideal Atea of Body Swface and Weight in 
4S1 Cases Classified m Gioups — Continued 


Actual 

Ideal 






Surface 

■Weight 

Transverse 

Actual 

Ideal 



Area, 

Sq Meters 

Surface Area, 

Diameter, 

Weight, 

Weight, 

Height, 


Sq Meters 

Cm 

Kg 

Kg 

Cm 

Age 

1 75 

1 01 

13 0 

07 

55 

103 

20 

1 75 

1 01 

12 S 

07 

55 

1GS 

29 

170 

1 03 

130 

G7 

50 

170 

28 

170 

103 

12 0 

07 

50 

170 

20 

179 

1 GO 

12 9 

07 

58 

173 

29 

173 

1 50 

13 

OS 

52 

105 

22 

17G 

1 G1 

13 9 

08 

55 

1GS 

20 

1 7S 

101 

13 3 

03 

51 

170 

20 

1 7S 

102 

13 4 

IS 

55 

170 

22 

1 78 

1G1 

13 5 

09 

55 

103 

27 

1 7S 

101 

13 0 

09 

55 

1GS 

31 

1 79 

102 

12 9 

GO 

55 

170 

21 

1 79 

102 

13 5 

09 

50 

170 

20 

173 

101 

13 5 

70 

55 

1GS 

27 

181 


11 2 

01 


151 

29 

1 81 


12 2 

OG 


132 

25 

1 82 


123 

05 


179 

19 

1 81 

1 73 

13 7 

07 

GO 

170 

27 

1 81 

171 

12 1 

07 

59 

lio 

03 

181 

1 72 

12 4 

07 

GO 

175 

23 

181 

1 71 

12 S 

as 

59 

17,5 

21 

ISO 

1 08 

11 S 

OS 

5S 

174 

18 

1 SO 

1 09 

12 S 

OS 

51 

171 

20 

1 81 

1 72 

It 

os 

00 

liO 

20 

183 

1 71 

121 

08 

59 

170 

23 

1,81 

1 74 

13 

(ft 

01 

ITS 

23 

1 82 

171 

35 7 

09 

59 

175 

42 

ISO 


12 7 

CO 


ISO 

20 

1S2 

171 

lo 8 

CO 

GO 

174 

31 

1 SI 

1 71 

12 0 

CO 

01 

177 

21 

1 81 

1 75 

11 S 

CO 

G2 

177 

25 

1 ss 


12 8 

CO 


182 

28 

1 so 

101 

14 3 

09 

50 

171 

30 

1,81 


121 

<17 


ISO 

27 

1 so 

1 GO 

13 8 

08 

50 

173 

IS 

1 80 

1 09 

13 4 

08 

58 

173 

25 

ISO 

1 00 

12 7 

08 

58 

173 

29 

181 

1 72 

13 3 

03 

GO 

175 

20 

183 

1 75 

13 7 

08 

01 

178 

21 

1 S3 


13 4 

03 


178 

29 

ISO 


13 1 

08 


ISO 

20 

1 87 


13 G 

OS 


183 

40 

1 81 

1 GS 

13 0 

09 

5S 

172 

20 

181 

1 75 

12 2 

(7) 

02 

177 

28 

1 SO 


12 3 

09 


ISO 

20 

1 SI 

1 71 

13 5 

70 

GO 

174 

31 

1 87 


12 

70 


ISO 

30 

1 SI 

1 01 

13 8 

70 

50 

171 

30 

1 81 

1 72 

15 

70 

59 

170 

40 

1 81 

1 73 

13 3 

70 

GO 

170 

29 

1 SO 

1 01 

13 9 

70 

50 

170 

25 

1 81 

1 71 

13 

70 

59 

175 

21 

1 81 

1 71 

11 S 

70 

59 

175 

» 

1 81 

1 70 

13 

70 

5S 

175 

IS 

1 S2 

1 GO 

13 7 

71 

57 

172 

oo 

ISO 

1G1 

14 

71 

55 

109 

so 

181 

1 04 

142 

71 

50 

170 

- 29 

ISO 

1 75 

13 3 

71 

03 

177 

34 

181 

1 03 

14 

71 

5S 

172 

27 

187 

1 75 

121 

71 

01 

ITS 

2> 

1 81 

1 OG 

11 3 

71 

57 

172 

23 

1 SO 

179 

12 7 

72 

G 1 

179 

24 

1 SO 

1 59 

14 2 

72 

51 

107 

21 

1 85 

170 

14 

72 

59 

174 

OO 

1 SS 

1 75 

13 

72 

01 

ITS 

24 

185 

1 GO 

12 4 

72 

5S 

174 

20 

1 85 

1 71 

14 7 

72 

GO 

174 

29 

1 67 

1 75 

13 4 

72 

02 

177 

2G 

181 

1 07 

12 8 

72 

57 

173 

21 

1 85 

1 GS 

11 5 

73 

5S 

173 

25 

1 89 

1 75 

14 1 

73 

01 

ITS 

21 

1 SS 

1 71 

14 1 

71 

00 

174 

2S 

182 

1 50 

14 G 

74 

52 

1GC 

o*> 
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Table 1 — Comparison of Actual and Ideal Aica of Body Surface and Weight m 
481 Cases Classified m Groups — Continued 


Actual 

Ideal 






Surface 

Weight 

Transverse 

Actual 

Ideal 



Area, 

Surface Area, 

Diameter, 

Weight, 

Weight, 

Height, 


Sq Meters 

Sq Meters 

Cm 

Eg 

Kg 

Cm 

Age 

1 85 

162 

13 7 

74 

55 

171 

24 

1 86 

166 

12 3 

74 

59 

172 

23 

1 86 

1 6S 

13 

74 

5S 

172 

25 

ISO 

171 

14 7 

75 

00 

175 

25 

1 85 

164 

13 2 

75 

56 

170 

25 

1 8S 

16S 

16 

75 

5S 

173 

25 

1 87 

16S 

12 

75 

58 

172 

25 

182 

1 56 

13 

75 

63 

165 

27 

189 

172 

13 2 

75 

60 

175 

SO 

1 88 

170 

12 7 

75 

59 

174 

21 

189 

171 

11 

75 

59 

175 

21 

1 SO 

ISO 

13 7 

64 


ISO 

23 

ISO 


13 8 

64 


180 

20 

ISO 


13 3 

64 


ISO 

27 

186 


13 6 

67 


183 

31 

ISO 

167 

13 5 

6S 

57 

173 

22 

ISO 

16S 

13 6 

6S 

5S 

173 

25 

181 

172 

119 

6S 

60 

175 

25 

181 

172 

127 

6S 

60 

175 

20 

183 


13 4 

6S 


178 

27 

183 


13 6 

6S 


178 

29 

1 8S 


13 6 

68 


1S4 

2S 

181 

169 

13 6 

69 

58 

173 

29 

1 82 

1 70 

12 7 

69 

5S 

175 

20 

184 

1 75 

13 5 

69 

61 

178 

21 

184 

175 

114 

69 

6L 

17S 

24 

186 


12 9 

69 


ISO 

23 

186 


13 1 

69 


180 

26 

160 

162 

13 5 

70 

55 

170 

22 

182 

167 

13 5 

70 

57 

173 

22 

183 

171 

13 5 

70 

59 

175 

23 

183 

171 

13 4 

70 

59 

175 

24 

1 S3 

172 

13 6 

70 

60 

175 

25 

183 

172 

13 4 

70 

60 

175 

2S 

183 

172 

13 5 

70 

60 

175 

2S 

183 

172 

13 6 

70 

60 

175 

2S 

185 

175 

13 4 

70 

61 

178 

22 

185 

175 

13 3 

70 

01 

178 

23 

185 

175 

13 6 

70 

61 

178 

23 

185 

1 75 

134 

70 

62 

17S 

25 

185 

175 

13 4 

70 

62 

178 

31 

185 

175 

13 3 

70 

62 

178 

34 

180 

160 

13 5 

71 

54 

108 

34 

181 

164 

13 4 

71 

50 

170 

27 

181 

164 

13 7 

71 

56 

170 

27 

183 

168 

116 

71 

5S 

173 

2G 

183 

168 

13 5 

71 

58 

173 

29 

185 

171 

12 9 

71 

59 

175 

21 

184 

172 

13 3 

71 

60 

175 

26 

184 

1 72 

13 4 

71 

60 

175 

32 

1 87 

175 

13 4 

71 

62 

178 

27 

187 

175 

13 6 

71 

02 

ITS 

28 

187 

175 

13 4 

71 

62 

178 

29 

187 

175 

13 2 

71 

62 

178 

30 

1 8S 

181 

13 4 

71 

62 

ISO 

2S 

181 

161 

13 4 

72 

55 

16S 

SO 

1 82 

1 64 

13 8 

72 

5G 

170 

26 

185 

167 

13 5 

72 

57 

173 

21 

1 85 

1 6S 

13 4 

72 

5S 

173 

2 S 

186 

171 

13 7 

72 

59 

175 

21 

1 88 

175 

13 5 

72 

61 

ITS 

24 

183 

164 

13 7 

73 

50 

170 

2G 

183 

161 

14 2 

73 

50 

170 

SZ 

187 

172 

13 5 

73 

60 

175 

25 

1 89 

1 75 

13 4 

73 

62 

178 

20 

180 


12 9 

65 


ITS 

36 

1 81 


11 4 

65 


ISO 

23 

1 81 


13 3 

65 


ISO 

27 

1 84 


13 7 

65 


184 

23 

184 


12 8 

65 


184 

28 

1 81 


12 9 

60 


17S 

23 

1 81 


12 2 

60 


178 

26 

182 


13 6 

60 


ISO 

26 

182 


13 6 

67 


178 

21 
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Table 1 — Comfiauson of Actual and Ideal Aica of Body Smfacc and Weight m 
481 Cases Classified m Gioufis — Continued 


Actual 

Ideal 






Surface 

Weight 

l’ransicrsc 

Actual 

Ideal 



Area, 

Surface Area, 

Diameter, 

Weight, 

height, 

Height, 


Sq Meters 

Sq Meters 

Cm 

Kg 

Kt 

Cm 

Age 

182 


12 9 

07 


178 

22 

1 S 2 


13 5 

07 


178 

23 

1 S2 


13 

07 


178 

31 

184 


15 4 

07 


ISO 

24 

1 SO 

1 73 

13 7 

75 

52 

16} 

31 

1 St 

100 

13 9 

77 

51 

10 S 

23 

1 SS 

1 OS 

13 7 

77 

5S 

173 

28 

1 SS 

1 OS 

13 G 

77 

58 

17! 

29 

1S5 

1 00 

13 7 

70 

51 

10 S 

23 

1,S9 

1 07 

13 0 

70 

57 

171 

23 

1 St 

1 75 

14 3 

77 

52 

165 

23 

1 SO 

1 01 

13 7 

77 

55 

1GS 

20 

ISO 

1 04 

13 7 

79 

50 

170 

25 

1 SS 

1 50 

13 5 

81 

53 

105 

26 

1 00 


12 S 

70 


1 S 1 

27 

1 91 

1 77 

13 3 

74 

02 

178 

27 

1 90 


12 7 

74 


ISO 

23 

1 91 

1 72 

147 

70 

00 

170 

25 

1 94 

i so 

12 3 

77 

04 

179 

2S 

1 90 

1 S2 

12 8 

77 

61 

181 

30 

1 00 

1 67 

14 2 

7S 

59 

173 

21 

1 90 

1 S3 

1" 3 

71 

04 

183 

19 

1 90 

1 SO 

13 3 

72 

61 

ISO 

29 

1 90 

1 SO 

13 6 

73 

64 

1S9 

31 

1 02 


13 7 

72 


1S3 

25 

103 


138 

73 


1S1 

25 

1 93 

1 SI 

13 5 

73 

00 

183 

30 

1 90 

1 74 

13 7 

74 

01 

17S 

23 

1 91 

1 75 

13 5 

74 

02 

17S 

2 S 

1 02 

1 79 

13 8 

71 

(A 

ISO 

24 

1 02 

ISO 

I7S 

74 

01 

ISO 

27 

1 02 

1 SO 

13 9 

71 

01 

189 

’0 

191 

1S4 

13 S 

74 

01 

IS! 

31 

1 92 

1 74 

13 5 

75 

01 

17S 

21 

1 92 

1 77 

13 9 

75 

02 

178 

21 

1 93 

179 

13 5 

75 

03 

ISO 

21 

1 93 

1 SO 

13 5 

75 

Cl 

iso 

29 

1 93 

ISO 

130 

75 

61 

ISO 

29 

1 93 

1 SO 

13 8 

75 

04 

iso 

•o 

1 93 

1 SO 

li 7 

75 

04 

isn 

31 

1 90 

1 SS 

13 7 

75 

OS 

181 

27 

100 

1SS 

13 7 

75 

OS 

1S1 

28 

1 93 

1 74 

15 4 

70 

01 

178 

A! 

1 93 

1 75 

13 7 

70 

02 

178 

31 

1 9t 

179 

13 S 

70 

03 

ISO 

33 

1 94 

1 SO 

13 7 

70 

01 

ISO 

29 

1 94 

1 SO 

13 7 

70 

01 

ISO 

29 

1 97 

1 S 2 

13 0 

70 

03 

194 

23 

1 00 

1 OS 

US 

77 

5S 

17! 

25 

1 00 

10S 

13 4 

77 

5S 

173 

23 

1 91 

1 72 

13 S 

77 

00 

175 

25 

1 04 

1 74 

13 7 

77 

01 

178 

34 

1,94 

1 75 

13 0 

77 

62 

178 

27 

1 97 

1 SO 

13 4 

77 

04 

ISO 

27 

1 91 

1 OS 

14 

78 

5S 

17! 

26 

103 

1 77 

13 5 

78 

02 

178 

37 

195 

1 7! 

14 2 

79 

00 

178 

20 

1 99 

1 84 

132 

70 

60 

1S> 

25 

1 97 

1 75 

13 9 

SO 

02 

ITS 

25 

1 OS 

1 SO 

13 5 

SO 

01 

ISO 

30 

1 9S 

1 77 

14 3 

SI 

02 

ITS 

28 

199 

ISO 

13 3 

SI 

64 

ISO 

30 

1 93 

1 OS 

13 5 

S3 

5S 

175 

25 

2 01 

1 60 

14 3 

81 

01 

ISO 

27 

202 

1 S3 

12 5 

S3 

65 

1 S 2 

21 

2 

1 SO 

13 S 

S3 

01 

179 

25 

204 

ISO 

13 8 

SO 

04 

ISO 

20 

2 

1 SS 

13 5 

79 

OS 

1SI 

25 

2 

1 77 

13 8 

S3 

03 

17S 

25 

2 

1 75 

13 0 

S3 

02 

178 

29 

2 OS 

1 S7 

13 7 

84 

07 

184 

3S 


KISS AXE— MEASUREMENTS OF NORMAL HEART 


Ki 

for persons of ideal weight and those for persons with above-ideal weight, and 
a comparison v as made (table 2) A \anation of 10 per cent was allov cd be lore 
classification as above or belov ideal v eight (table 3) 

The above-ideal v eight cases were subdivided into subgroups according to v hat 
the area of the bodj r surface would have been, if the v eight had been ideal These 
figures were compared with averages and limits of transverse diameters in all the 
groups, m the ideal weight group and in the entire above v eight groups, the} 
were also compared with each other (table 4) 

Table 2 — Avciage and Range of Heart Measurements of Each Group 



Ideal 

Above Ideal 

Fntire 

Surface Area Group, 

We ght, 

Weight, 

Group, 

Sq Mcter« 

Cm 

Cm 

Cm 

1 4 to 1 49 Average 


13 C 

r 0 

Xumber 

Limits 


1 

1 

1 5 to 1 59 Average 

11 9 

12 8 

12 C 

Xumber 

. 2 

7 

'i 

Limits 

11 9 - 12 

12 3-139 

119-139 

1 C to 1 C9 Average 

123 

12 4 

12 4 

Xumber 

31 

40 

71 

Limits 

11 2 - 1SB 

10 1 - 14 2 

10 1 - 14 2 

1 7 to 1 79 Average 

12 2 

12.8 

12 5 

Xumber 

71 

81 

152 

Limits 

10 C - 14 2 

11 3 - 1C 

10 5 15 

1 8 to 1 S9 Average 

12 9 

13 3 

1° 9 

Xumber 

23 

111 

14S 

Limits 

11 2 - 13.8 

11 3 - 10 

11 - 10 

1 9 to 1 99 Average 

13 2 

13 C 

r 5 

Xumber 

t 

45 

->9 

Limits 

12 8 - 13 8 

12 3 - 14 5 

12.3 - 14 5 

2 to 2 09 Average 


13 C 

13 0 

Xumber 


S 

8 

Limits 


12 1 143 

12 5 - 143 


Table 3 — What a Man Should JVcigh 


Tears 


r 

21 and 

23 and 

25 to 

30 to 

35 to 

40 to 

45 to 50 and 

19 

20 22 

24 

29 

34 

39 

44 

49 Over 


Height, Cm 

Eg 

Eg 

Eg 

Eg 

Eg 

Eg 

Eg 

Eg 

Eg 

Eg 

152 5 

45 

45 

40 

40 

47 

47 

40 

40 

45 

45 

JoO 

40 

40 

47 

47 

48 

48 

47 

47 

40 

40 

157 5 

47 

47 

48 

48 

49 

49 

48 

48 

47 

40 

100 

48 

48 

49 

49 

50 

50 

49 

49 

47 

47 

102 5 

49 

50 

51 

51 

Z2 

52 

51 

50 

49 

49 

105 

51 

51 

52 

52 

53 

53 

52 

52 

51 

,9 

107 5 

52 

52 

54 

54 

JO 

55 

54 

5-4 

52 

52 

170 

5 4 

54 

55 

55 

56 

50 

05 

«>j 

54 

53 

172 5 

50 

55 

57 

57 

58 

53 

'it 

50 

50 


175 

58 

53 

59 

59 

GO 

00 

59 

59 

«>? 

5/ 

177 5 

59 

00 

01 

01 

02 

02 

01 

CO 

39 

58 

180 

02 

02 

03 

03 

04 

04 

03 

02 

01 

01 

1825 

04 

04 

65 

65 

00 

00 

05 

65 

04 

0? 

185 

00 

07 

07 

08 

03 

OS 

07 

CO 

00 

05 

187 5 

08 

09 

70 

70 

71 

71 

70 

09 

08 

07 

199 

71 

71 

72 

73 

73 

73 

73 

71 

70 

70 


Lastlv, the curves of the averages and limits of the transverse diameters of 
the hearts m all the groups, m all the ideal weight groups and m all the above- 
ideal weight groups were compared with the curves of other investigators 
Cohn’s* and Smiths 2 * weight curves (table 5) Smith s*~ and Deutsch, Kauf and 
Warfield’s 1 height curves (table 6) Deutsch, Kauf and Warfields* age curves 
(table 7 ) 
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Table 4 — Gioups the Patients Would Be Classified In if of Ideal W eight 

jot Height, Sq Mctci s 


Groups, Sq Meters 

1 1 to 1 40 

i 5 to i no 

1 G to 1 CO 

1 7 to 1 70 

1 S to 1 SO 

1 4 to 1 10 

Aterage, cm 

10 0 






Numbers 

Limits, cm 

1 





1 5 to 1 50 

At era go, cm 

12 0 

12 7 





Numbers 

0 

1 





Limits, cm 

12 313 0 





1 Gto 1 00 

At orage, cm 

N umbers 

12 1 

12 5 

12 




1 

27 

0 




Limits, cm 

11 S-12 0 

10 111 2 

10 5-1 1 2 



1 7 to 1 70 

Average, cm 

11 5 

12 5 

120 

12 G 



Numbers 

1 

13 

G5 

o 



Limits, cm 


11 0-15 5 

10 5-15 

12 5-12 S 


1 S to 1 SO 

At crape, cm 


13 S 

13 2 

13 2 

13 5 


Numbers 


G 

47 

G1 

2 


Limits, cm 


13-11 G 

11 3-1G 

11 15 7 

13 4 13 7 

1 0 to 1 00 

Vvcrage, cm 



13 7 

13 7 

134 


Numbers 

% 


1 

IS 

OO 


Limits, cm 



13 4-1 1 2 

13 3-14 5 

12 3-13 0 

2 to 2 00 

At orage, cm 




137 

13 G 


Numbers 




y 

G 


Limits, cm 




13 0-"l3 S 

12 314 3 



Table 5 - 

- Colin’s and 

Smith’s Weight Cwvts* 


Colin’s Cases 


Smith’s Cases 


A 



x 








Transter'o 


'1 ranst erse 


Weight, 

Diameter 


Weight, Diameter, 


Kg 

Cm 


Kg Cm 

53 


130 

37 

11 o 

54 


11 o 

5, 

11 0 

55 


12 8 

57 

12 3 

50 


12 S 

5S 

12 5 

77 


11 o 

50 

127 

5S 


11 S 

GO 

127 

50 


12 0 

01 

12 0 

GO 


12 3 

G2 

12 3 

G1 


11 0 

R> 

11 S 

G2 


12 5 

G1 

12 0 

G3 


12 G 

G.5 

12 0 

Gt 


12 7 

GG 

15 1 

G5 


12 fi 

07 

131 

GG 


12 1 

iS 

13 . 

C7 


137 

G!> 

HI 

GS 


13 2 

70 

13 5 

GO 


1 1 5 

71 

133 

70 


1 i 1 

72 

1 ! 0 

71 


13 1 

73 

117 

72 


13 2 

74 

13 S 

73 


14 ! 

77 

13 7 

74 


13 1 

70 

13 0 

75 


13 2 

77 

13 7 

7G 


14 5 

78 

13 S 

77 


12 5 

70 

13 7 

7S 


14 2 

SO 

117 

S3 


13 5 

SI 

117 

SC 


13 8 

P2 

13 5 




S3 

13 7 




SI 

13 7 


* From Colin, A L , An In\ estimation of the Sire of the Heart in Soldiers b> the 'Jelr 
roentgen Method, Arch Int Med * 501 (Mnj ) 1020 Smith, B 'rclerocntgen Measurements 
of tlie Heart of Normal Soldiers, Arch Int Med 2> 125 (Mij) 1020 







KISSANE— MEASUREMENTS OF NORMAL HEAR I 14S 

COMMENT 

Comparison of the average transveise diameters ot hearts m the 
various body surface area groups shows that for persons of ideal w eight 
(table 2) they are smallei than for those of the above-ideal 'weight or 
for the entire gioup, while the aveiages of the above-ideal weight and 
of the entile group are practically the same 


Table 6 — Smith's and Deutsche , Kauf and Hatfield's Height Curtu <; t 



Smith’s Oases 

-A 

Deutsch, K itif and W'arfield Cases 



Transverse 



IrnnsT, er=e 


Height, 

Diameter, 

Height, 

Diameter, 


Cm 

Cm 

Cm 


Cm 

155 


120 

131-140 


20 7 

157 


131 

141-150 


21 9 

ICO 


12 7 

151-160 


233 

163 


12 2 

161-170 


OJ o 

165 


127 

171-180 


2! 5 

16S 


12 9 

181-190 


25 5 

170 


12 9 

191-200 


251 

173 


13 3 




175 


12 6 




178 


13 0 




ISO 


13 3 




1S3 


13 5 




185 


13 5 




* From Smith, B Teleroentgen Measurements of the Hearts 

of Normal Soldiers, 4rch 

Int Med 25 

525 (May) 1920 

and Deutsch, 

Kauf and W afield. Heart ind 

Athletics, p 36 


Table 7 

— Kauf and W at fields Age Curves ' 


Deutsch, Kauf and Warfield Cases 


Transverse 


Transverse 


Trans 1 , erso 


Diameter, 


Diameter, 


Diameter, 

Age 

Cm 

Ago 

Cm 

Age 

Cm 

10 

99 

19 

11 4 

2S 

121 

11 

101 

20 

115 

29 

11 S 

12 

10 2 

21 

11 5 

30 

11 o 

13 

10 0 

22 

11 G 

31 

113 

14 

10 6 

23 

110 

22 

12 2 

15 

112 

24 

11 8 

So 

11 7 

1G 

112 

25 

11 8 

34 

12 2 

17 

11 1 

26 

117 

35 

12 2 

IS 

114 

27 

12 0 

30-40 

11 S 


* From Deutsch, Kauf and Warfield, Heirt and Athletics, p 37 

The range between the hugest and smallest tiansverse diameters ot 
the hearts m the ideal weight group is less than m either of the othei 
gioups, while it is practically the same m the above-ideal weight group 
and m the entire gioup It would therefore appear that the high 
averages for the tiansverse diameter of the heait and the wide range 
m size m each group were due to those cases m which the weight was 
above the ideal for the height 

If one compares the curves of ideal weight cases according to 
body surface area with curves based on height (table 6) weight (table 5) 
and age (table 7 ), it "will be noted that the rise is more consistent 
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When one compaies the aveiage tiansveise diameters of the hearts 
in the above-ideal weight gioup subdivided accoiding to the body surface 
area gioup this gioup would have been in if the weight had been ideal 
with the aveiages in the ideal weight group, it is evident that the aveiages 
of the foimei aie gieatei than of the ideal weight group of the same 
body sui face area (table 8), and that the gieatei the above-ideal weight 
the greatei is the deviation fiom the average foi the ideal weight 
(tables 4 and 8) 

Tmiix 8 — Companion of Hem I Diainetei s of the Ibovc-Idcal Weight, Classified 
Accoiding to Then Ideal IVaght, with Those of the Idcal-lVctght Gioup * 


Abot e-Tdea] Weight Cases 
(Subdii fried According to tlio Surface 


Si in Stirfncc 

Ideal V> eight Group 

Are i Group 'J he\ V> ould he in if of 

Aron Groups, 

Trnn«\ er=c Diameter, 

Ideal V tight for Height) 

Sq Meters 

Ateragc, Cm 

Uernges, Cm 

1 4 to 1 19 


12 9,12 4 14 9 

1 5 to 1 -9 

11 9 

12 5, 12 3, 19 S 

1 G to 1 C9 

129 

12 9, 13 2 19 7 

1 7 to 1 79 

1° 2 

19 2, 13 7, 1>7 

1 S to 1 SO 

12 9 

134, 116 

1 0 to 1 99 

13 2 


2 to 2 09 



* Onlj ono l,i«c In the ideal w tight group for “lin 
therefore tins ntcrage is not used 

surface men 14 to 1 19 squire meters 


Table 9 — The Tt ansvet sc Heait Diannhr Aveiages of the 4hox c-Idial Weight 
Gioup, Classified as of Idial IV tight and Compand with the 
foi Height, Sq Mctns* 



Allot e-Idtnl V eight Cases 



(But in the Same Skin Surface 

Skin Surface 

Idc il V eight Group 

\ren Group ns If of Ideal 

\rea Gioup®, 

Trnns\crse DiamtUr, 

V tight for 9 heir Height) 

Sq Meters 

Average, Cm 

Ucragts, Cm 

1 4 to 1 49 



1 5 to 1 59 

11 9 

12 7 

1 G to 1 G9 

123 

12 

1 7 to 1 79 

12 2 

120 

1 8 to 1 89 

12 9 

13 5 

1 9 to 1 99 

13 2 


2 to 209 




* Onlj one case in t lie ideal weight group for skin surface area 14 to 1 l*> square meters, 
therefore tins average is not used 


Even the aveiages of the transveise diameters of the heait in the 
above-ideal weight subdivisions, which aie still in the same body surface 
area group they would be in if the weight weie ideal, aie above the 
averages for the ideal group (table 9) 

The hugest tiansveise diametei of the heait foi all groups in the 
ideal weight class is 14 2 cm , the lowest 10 6 cm , while the laigest foi 
the above-ideal weight gioup is 16 cm and the lowest 10 1 cm 

Cuives lepiesenting the tiansveise diameters of heails in peisons 
of ideal weight, the aiea of the body suiface being used as a cnterion 
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14 7 


include the following vanables height, weight, age, sex and diameter 
of the chest, mdnectly concerned tlnough its relation to weight 

CONCLUSIONS 

1 Cases of ideal weight for height should be used m the estimation 
of the measuiements of a normal heait 

2 The individual case of above-ideal weight for height gives the 
greatest vanation from the aveiage tiansverse heart diameter or fiom 
the diameteis of hearts of ideal weight 

3 The curves of average transverse diameters, body suiface area 
being used as a cntenon, show the least vanation 

4 As the area of the body surface as computed also includes other 
vanables, it approaches a clinical cntenon for the estimation of the 
size of the normal heart 



Book Reviews 


Modern Medical Monographs Edited by HuGn Maclean, AID, DSc, 
FRCP, Professor of Alcdicine, University of London 

The Endocrints in General AIedicim* B) A Langdon Brown, A1 S , AID, 
FRCP, Physician to St t Bartholomew’s Hospital Price, §3 Pp 134 
with index, no refeicnce to the literature and no illustrations New York 
Paul B Hocbcr, 1927 

This latest endocrine monograph in English is, according to the preface, 
“chief!) a record of the author’s personal experience, first in the laboratory 
and later with patients” Besides the usual chapters on the individual glands 
and group of diseases, the author assajs piophes) in the last chapter headed 
bv the title “The Future of Endocrincs ” The tlijmus and pineal gland are 
discussed under the heading “The Retarding Glands ” The monograph is easily 
read, the stjle being pleasing and clear, but the chief merit of the book is its 
brevity Hie author sajs that his mam aim is service to the general prac- 
titioner It is to be regretted that so much unproved tlicorj, speculation, dis- 
proved assertions and out and out nonsense should be screed out as an aid to 
the practitioner in medicine who rcallj needs guidance in this difficult field 
The following quotations justifj the abo\c stricture As eeidencc of the 
phjsiologic effects of feeding the anterior lobe of the pituitarj, the author cites 
the following “Air Crosslej -Alcates has kind!) informed me that lie gave 
2 grains of anterior lobe extract dail) to an Irish wolfhound bitch-pup four 
months old In a month the facial expression became lic.n) and the ears large, 
so that it resembled a bloodhound Ihc long bones were definitcl) larger and 
heavier than those of the rest of the litter But the most striking difference of 
all w'as the change in character, for this bitch-pup would domineer o\cr the rest 
of the litter, including the dog pups, and at eight months old she was more 
masculine and rougher in pla) than the) were” This is medicine of 1927 
almost at its worst The following seems more appropriate from a WTitcr of 
fiction than a guide of medical men "The pituilare seems to pla> a special 
part wath regard to rh)thmic functions, and on the ps)clucal side to show' this 
in the direction of music and dancing, or on the more intellectual side with 
mathematical or more lmaginatnc interests, widch as the last two seem to 
differ ” 

And w'hat about the following? “A )Otmg man of 23 was brought to sec me, 
who had been very late in learning to w'alk and talk He showed me two 
photographs of himself taken at the age of 4 or 5 — one of these looked like a 
normal child wdiile the other looked degenerate B) the age of 6J-4 lie had 
developed the habit of lying He grew' rapidly to the height of 6 feet S inches 
His palatal arch was \ery high and his knuckles w r erc ver) large He w r as 
a confirmed liar and thief and w r as suspected of deliberate and wilful arson — 
the fossa becoming too small for the gland, the patient is apt to develop moral 
and intellectual inferiority, to suffer from compulsions and obsessions and to 
lack inhibitions As Berman puts it, such individuals arc ‘pathological liars 
with little or no initiative or conscience ’ ” 

On page 111 the author quotes with apparent approval the speculation that 
the anterior lobe of the pituitary tends to produce virile characters and the 
posterior lobe feminine characters and adds this charming bit of evidence 
“We are all familiar with the inseparable couple of women friends One of 
the two usually adopts a somewdiat masculine role, and I have been struck on 
several occasions to note the number of signs she presents of o’icractive anterior 
pituitary” 

On page 113 the author states that “persistence of the thymus produces, in 
addition to status lymphaticus physically,” a “mother’s darling psychologically” 
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On the question of testicular transplantation the author quotes Dr Kenneth 
Walker with approval to the following effect “Up to the present time I 
(Di Walker) have peifoimed Steinach’s operation on fifteen cases, and 
although it is difficult to eliminate the element of suggestion I believe that in 
at least half of these cases an improvement in general health and an mciease 
in mental vigoi have taken place I am particularly inclined to lecommend 
the opeiation in the treatment of that hopeless malady of later life, paralysis 
agitans, having seen a very marked impi ovement in two out of four cases which 
I have treated m this way It is frequently advisable to combine 

testicular grafts with the use of extracts of other endocrine glands, notably of 
the pituitaiy, the supraienals or the thyioid” 

The author refcis to pituitary extract again and again as a lactagogue, 
although it was shown many years ago that it has no influence on the pro- 
duction of milk except to letard it when pituitaiy extiact is used in large 
doses, and despite the growing evidence that the hormone of the paiathyroid 
gland is ineffective when given by mouth, the author persistently refers to the 
therapeutic effects by giving paiathyroid mateiial by mouth In the same way 
the author seems to be unfamiliar with much of the woilc which tends to show 
that diabetes insipidus is due to mjuiy of the biain and not to hypofunction of 
the posterior lobe of the hypophysis, and that obesity associated with Fiohlich’s 
syndrome is of brain origin and not an index of depiession of the function of 
the anterior lobe of the hypophysis 

After completing the book the reader will have the impression that the author 
is a charming fellow, disinclined to question oi contradict, with little mfomation, 
and much faith In view of the general poor and unreliable character of the 
book, it is suiprismg to find that the best chapter is (no 11) headed “Endo- 
crine Thciapy” To be sure we meet even here such statements as “oral 
administration of parathyroid extract certainly seems to be effective,” and 
“extracts of the whole pituitaiy gland should be given in cases of defective 
growth and development” He puts forth a rather weak aigument foi plun- 
glandular thciapy but adds at once, “One must admit that pluiiglandular 
therapy is generally 11 rationally applied” 

The author seems most confused in the field of the pituitary gland On 
page 64 he says, “Under action of the posterior lobe may lead to general 
obesity oi localised fatty deposits Of the latter type Dcrcum’s disease — 
adiposis doloiosa — is a good example The disease is refractory in 

treatment, but I have seen decided benefit from thyroid extract together with 
injections of piluitrin, especially when combined with a suitable diet for 
obesity” This is not only plui lglandulai thciapy, it is shotgun therapy The 
adipose patient thus treated will probably lose some weight but losing weight on 
such management does not help us discover the cause of the adiposity The 
monograph is not a serious contribution to the theory and piactice of medicine 
It will be a hindrance rathei than a help to the piogicss of gcneial practice 

Tun Significance or the PmsiCAi Constitution in Mental Dislase By 
F I Wertheimer, Phipps Psychiatnc Clinic, and Florence E Hesketii, 
Johns Hopkins Hospital Medicine Monogiapli Series Price, $2 50 Pp 76 
with illustrations Baltimore Williams & Wilkins Company 

The authoi s present a compact discussion of then theme, defining the human 
constitution for the purpose of their investigation as “the correlative unity of 
those morphological, physiological and psychobiological developments of the 
individual which ai e definitely more influenced by heredity than by environ- 
ment ” Classifications of body types beginning with Hippociates’ “habitus 
apoplecticus” and “habitus phthisicus” and leading on up to Kretchmer’s athletic, 
pyknic and asthenic groupings aie tabulated and critically discussed 

The mateiial of this study consists of sixty-five male patients chosen at 
random from the Phipps Institute, Johns Hopkins Hospital and a Maryland 
state hospital Psychiatric, observational and anthropomorphic data were not 
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compared until the final correlation Classification of morphologic types was 
made according to Kretchmer’s descriptive method 

The authors’ research contribution consists of the formulation — after the 
calculation and analysis of about thirty-seven different mensural mde\es in 
each patient — of an index relating leg length to chest diameters and trunk 
length 

Leg length 10 3 

Index — 

Transverse chest diameter X sagittal chest diameter X trunk height 

The numerical values thus obtained are charted in a convincing manner to 
show no overlapping of values thus obtained in clear observation types so far 
as the pyknic and athletic-asthenic groupings arc concerned The average 
values for the three types arc distinct 

The psychiatric correlations arc interesting and demonstrate the value of 
Kretchmer’s work The authors appear to have made a decided contribution 
to psychiatry, and mental hygiene, in gning a reliable check on mere observa- 
tion which is so apt to lead one astray 

A four page bibliography is not the least -valuable portion of a brief 
monograph representing an infinite amount of labor 

Klinische Gasstoffwfchselteciinik Von Dr II W Knippixg, Privatdozent 
an der Medizimschcn Klinik dcr Unnersitat Hamburg, and Dr H L 
Kowitz, Professor an der Medizimschen Klinik dcr Unnersitat Hamburg 
Paper Price, 18 marks Pp 193, with 72 illustrations and 2 tables 
Berlin Julius Springer, 1928 

This is a compact, accurate and useful little monograph on methods of basal 
metabolic studies for clinical purposes While the German physiologists, espe- 
cially Voit and Rubner, were the leaders m establishing the laws of nutrition 
and metabolism, the practical application of these principles in the clinics was 
essentially perfected and applied in the United States, and there are sc-veral 
monographs in English dealing with this subject The present •volume, there- 
fore, presents to English readers nothing essentially new on the subject, 
except in the w'av of a model of compact and accurate presentation Various 
European apparatus arc described that arc not in general use in this country, 
but these apparatus do not appear to have a great advantage over those in 
common use in this country The appendix contains the necessary tables and 
charts for rapid calculations 

Questioxs Phvsiologiques D’Actualite Lrox* Bixet, Profcsscur agrege dc 
Physiologic a la Faculte de Medccine dc Paris Paper Price, 18 francs 
Pp 227, with 57 illustrations Paris Masson & Cic, 1927 

This monograph contains twenty -four chapters or lectures given as con- 
ferences on problems in physiology m the medical facultv of the University of 
Paris during the year 1925-1926 It is m no sense a textbook or monograph 
covering the whole aspect of phy r siologv, but the author has taken a number 
of problems, such as sleep, tobacco, the spleen, cerebral circulation and others 
and has developed the present status of these problems in the light of experi- 
mental and clinical data It is well written and concise, but in many cases 
superficial, discussion of many problems that are important in both fundamental 
physiology and medicine Some of the chapters or lectures refer to the funda- 
mental or important literature on the subject 
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EPIDEMIC ENCEPHALITIS 

AS OBSERVED AT THE FIRST CZECH MEDICAL 

CLIXIC IX PRAGUE 

L SYLLABA M D 

AXD 

K. HENNER, M D 

PRAGUE, CZECHOSLOVAKIA 

The infectious disease with which our article deals does not seem 
to be new in the medical world it is quite certain that it appeared 
from time to time as an endemic man}* centuries ago There are authors 
(Xetter) who think that Hippocrates knew about its peculiar aspect 
Nevertheless there is no doubt that the pandemic of epidemic encepha- 
litis which lasted from 1916 up to the present time is the most extensive 
incidence of this disease 

We do not intend to go into a detailed description of the disease * 
since the first reports of Cruchet, Mouther and Calmette m France 
and Economo in Vienna m 1917, an enormous bibliography on the 
subject has appeared There are even many monographs about it 
(Achard, Revs Mile Levy, Conos, Verger and Cruchet, Houm m 
France. Ministry of Health Hall in England, Timme m the United 
States, Marguhs in Russia and many others) 

The first sporadic cases m our country occurred m 191S They 
entirely escaped medical observation during their acute form but we 
discovered their existence in our clinic retrospectively while studying 
several cases in the chronic form 

The epidemic of encephalitis began here at the end of 1919 its 
appearance was announced for the first time at the meeting of the 
“‘Purkyne Medical Society on Jan. 17, 1920, by Professor Heveroch 
and one of us (L S *) ; the Czechoslovakian bibliography about it 
dates from here Czechoslovakian neurologists and psychiatrists had a 
great opportunity to study the disease, as our country seems to have been 
gravely attacked by it Although official statistics have not yet been 
made we can say that the number of patients is relatively much higher 
than for other countries for at least one person m a thousand was 
affected during these nine years and about ten thousand or more had 
the disease 


1 Syllaba Cas lek ces 1920, no S 
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We do not wish to and cannot describe, even briefly, the epidemic 
in our country Oui medical publications concerning it are many All 
medical, neurologic and psychiatric clinics published material and their 
point of view concerning it In addition to this material and the publi- 
cations from our institute, the work we cited of Professors Heveroch, 
Pelnai, Haskovec, Myshvecek, Bidlilc and their pupils The anatomic 
observations were made by Docents Slid and Krakora 

In this publication, we report only what we saw at the first Czech 
medical clinic, especially such facts as we hope will compnse an original 
contribution to the general knowledge of this epidemic disease We 
have omitted almost every fact that is accepted as classical 

We saw about one thousand patients affected with encephalitis at the 
clinic and m consultation Several bundled patients weie observed foi 
months and for years The greater number of the patients were seen 
only while they were m the chronic stage It was only by the number of 
later manifestations that we could estimate the real extent of the 
epidemic 

NOMENCLATURE 

Conos’s teim “neuiosystcnutis epidemica” would appear to be the 
most logical name to employ No part of the nervous system was found 
unaffected by the disease In 1920, one of us (L S ) expressed m 
lectures a point of view that at a much later dale was confirmed gen- 
erally, namely, that not only is encephalitis present but sometimes also 
myelitis, radiculitis and polyneuritis Nevertheless, we use the term 
encephalitis only because of the great prevalence of alterations of the 
brain and because we do not like the term neurosystenutis for plnlologic 
reasons The name “encephalitis epidemica” is much more suitable than 
the original term “encephalitis lelhargica,” lethaig) not being a con- 
stant symptom, thus, ever since the first outbreak of the epidemic 
(January, 1920) we have used the name encephalitis epidemica 

SEASONAL INCIDENCE 

We did not have any cases that began in the months of June, Jtih 
or August All the cases we saw from 1919 to 1925 began m the other 
nine months We stress that point because there is no satisfactory 
explanation for it It cannot be explained by the occurrence of catarrh, 
especially a nasopharyngitis which could readily facilitate the penetration 
of the virus through the altered mucous membrane Such catarrh occurs 
all the year round, at least in isolated cases, but the increased number 
of cases during the colder months of the year was a constant fact dur- 
ing the six years of our observations 

More than 90 per cent of the cases had their onset in November, 
December, January, Februaiy and March, more than 5 per cent began 
in January and Februaiy The first great epidemic occuired in 
January, 1920 
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SEX AND AGE 

We have not observed that the condition has predominated m 
either sex 

As regards age, we noticed the greatest incidence between the ages 
of 6 and 36 years Old persons seem to be the most resistant to the 
infection, none of our patients weie afflicted aftei the age of 60 

DISPOSITION 

Many patients piesented a pronounced neivous degeneration — a 
terrain which could give the impression of disposition Many patients 
were children of syphilitic parents, members of families in which were 
several cases of psychosis, alcoholism and hysterical constitution In 
some patients, the disease began after a period of hard physical or 
mental exertion (beginning soon after a party or during the time of 
examination) More than two thirds of the men who had encephalitis 
did not smoke, this point is significant if we consider the small per- 
centage of men who do not smoke in our countiy 

CONTAGION 

In our large quantity of material, we noted but two suspicious 
instances 1 We observed a typical encephalitis-parkinsonian syndrome 
in the case of a young married couple, both gave the history of a 
pronounced acute phase, one being attacked several weeks before the 
other 2 A woman physician who had as a patient another woman 
physician who was afflicted with encephalitis also developed a typical 
case of encephalitis several weeks later Such a case of apparent infec- 
tion occurs so seldom that a simple coincidence cannot be excluded 

On the contrary, the epidemic hiccup which we class under a “forme 
fruste” of myoclonic encephalitis often shows that it is undoubtedly 
contagious 

THE ACUTE STAGE OF EPIDEMIC ENCEPHALITIS 

Classification — We are against any strict cataloging of different 
forms The same patient may pass through all the “forms” which have 
been described, and it is therefore better to speak about the condition 
of the patient on certain days than about the form of his disease 

One may class the clinical aspects in the great majority of cases 
under two syndromes the oculolethargic (of the French school) and 
the algohyperkmetic It is unnecessary to point out that even these two 
primary groups of symptoms may manifest themselves m the patient on 
one and the same day The disease is exceedingly multiform m its 
symptoms and in its evolution 

The mode of onset varied a great deal ; many of the patients could 
not state their first symptoms on account of amnesia during the long 
period of the acute stage ~~ 
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When the beginning could be carefully followed, we observed some 
general prodromes lasting for several days 01 weeks It took several 
days or a few weeks before the clinical aspect of the acute stage devel- 
oped Often the precise day of the onset could be given The first 
signs varied a great deal A condition of sleeping (drowsiness or 
night delirium and insomnia), diplopia, excitomotor phenomena or a 
nonsystematized vertigo weie the most frequent initial symptoms The 
ambulatory cases also began with sleepiness, diplopia and often 
“neuralgic” pains, trigeminal neuralgia, headache and pain in the limbs 

In some cases, encephalitis was preceded by sore throat, pharyngitis 
catarrhs of the bronchi and even by bronchopneumonia That period 
is not considered as specific by many authors (Levaditi) 

Gastro-intestinal symptoms seldom occurred at the beginning , never- 
theless, we saw some chronic cases (which during the acute stage were 
m other services) mistaken foi typhoid and paratyphoid fever 

Genaal Symptoms — Fever was usually present, but not always We 
shall not describe the fluctuations of temperature in detail It is well 
known that symptoms in various cases differed widely High fever 
(from about 39 to 40 C [102 2 to 104 F ]) was frequent only during 
the first year of the epidemic (1919 to 1920) , later it was exceptional 
A high fever always indicated a serious prognosis It was present in all 
but one of our fatal cases The elevation of the temperature always 
paralleled the general state of the patient We are not, therefore, 
inclined to considei the fevei a localizing sign m any case (condition of 
the heat center) Fevers from about 39 to 40 C (102 2 to 104 F ) never 
lasted more than ten days Subfebral tempeiaturcs of from 3 7 to 38 C 
(98 6 to 100 4 F ) w'ere often obstinate, and they often continued for 
weeks There did not seem to be any fever in some ambulator}' cases 

The Symptom of Sleeping — We observed this sunptom in every 
case, except in several ambulatory cases and in cases of epidemic hiccup 
Drowsiness with periods of delirium, particularly at night, w r as the 
most frequent type of symptom This association of wakefulness and 
delirium at night with somnolence or lethargy dui mg the day, especially 
in children, was a characteristic sign Many patients suffered only from 
insomnia, and drowsiness or lethargy could not be noticed during the 
disease 

Localizing Signs — Ocular Signs Ocular symptoms w’eie frequent, 
nevertheless, we had some grave cases, especially algom} oclonic, of long 
duration, in which there were long periods of delirium and in which 
there w r as no ocular disoider The third nerve w r as most frequently 
involved Paralysis was seldom complete Ocular paralysis in the 
acute stage was usually of the peripheral type Only the paralysis of 
convergence w'as frequently seen in the acute stage 
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We obsened all types of disorders of the pupils Loss or paresis 
of the reaction of accommodation was the most frequent , m most cases, 
this loss of reaction was regularly accompanied with paresis of 
convergence 

Next to the oculomotor nerves, the seventh and the twelfth were 
most frequently attacked, we saw both the irritative and the paretic 
phenomena 

We did not observe any disorder of the sensory nerves All other 
cranial nerves were often attacked Vestibular disorders of central 
type occurred frequently but not constantly Among the vestibulat 
signs, spontaneous nystagmus seems to be the most frequent 

Bulbar and pseudobulbar pictures were not exceptional, one of us 
(L S ) noted them on many occasions (in the first week of the epidemic 
m 1920 2 ) The evolution of the bulbar symptomatology used to be 
dramatic Such a serious condition sometimes takes the patient by 
surprise when he is m perfect health The clinical aspect resembles that 
of polioencephalitis infectiosa acuta In 1920, one of us (L S ) empha- 
sized the resemblance of the two diseases when the prevalence of lesions 
is anatomically confined to the same territory of nerve nuclei of the 
bram in the subependymal la} er of the brain stem 

We had two cases of a complete myasthenic pseudobulbar type, 
both patients died in a short time, and the diaphragmatic movements 
were unimpaired m both cases (roentgen-ray control) 

Physiognomy The physiognomy was almost ahva\s changing, 
hypomimia was more frequent than hypermimia 

Typical marked p)ramidal hemiplegia was rare, we saw only one 
case in which this was present The onset of hemiplegia was apoplectic 
in the second month of the acute stage , this apoplexy was accompanied 
by unconsciousness and clonic movements and m the later stage by 
paralysis of the limbs Later, m the chronic stage, this hemiplegia was 
associated with a parkinsonian syndrome 

Excitomotor Phenomena Rhythmic myoclonus was the most fre- 
quent symptom, the zone of predilection for myoclonus being m the 
abdominal muscles Myoclonus was frequent, especially m cases m 
w'hich there was high fever, an association which occurred frequently 
only during the first year of the epidemic (1920) Later we saw it 
only a few r times Chorealike movements and fine tremors were not 
rare, w r e have not seen the bradykmetic movements in the acute stage 
Athetosic phenomena w r ere not observed at all Excitomotor phenomena, 
wdien present, never disappeared while the patient was sleeping We 
cannot understand the contradictor}' statements of other observers 

2 Syllaba Cas lek ces, Oct 21, 1920, no 12, 31, Cas lek ces 61 417, 

1922 
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Excitoinotoi phenomena in encephalitis, in that respect, are a great 
exception from the geneial sennologic rule 

Rigidity of exti apyi amidal type was present, especially m the excito- 
motor stage This ligidity of extiapyi amidal origin may interfere in 
an interesting way with the peripheial paretic phenomena, especially m 
the face 

Catatonia, particulaily the “Active cushion,” was piesent almost in 
eveiy case which was not ambulatory 

Reflexes The changes in the tendon and periosteal reflexes were 
not of a special natuie Irntative pyramidal phenomena were often 
found during the acute stage Pussep’s reflex was almost constant, and 
the leflexes of posture (Foix and Thevenard) were almost constantly 
augmented (Henner) 

Meningitic phenomena weie not common Clinically, they were 
sometimes pronounced in the first days of the disease, but they were 
always fugitive 

Disturbances of the Spinal Cord We noted some cases in which 
quadnplegia or spastic paiaplegia was present which probably did not 
originate in the cerebrum The hiccup is explained by many authors b> 
a lesion in the cervical cord, though a bulbai origin is also probable 
Mental Disturbances Mental disturbances were frequent and 
varied The resemblance in some cases to del mum tremens was striking 
(zoopsia was especially fiequent) , delirium and hallucinations were 
exceptional after 1920 

Other Disturbances We have seen the same disorders of the 
cuculatoiy and icspuatoiy systems that the majonty of other observers 
have seen Even in the acute stage, the dyspnea had different aspects 
and it differed in origin (Syllaba, 1920 s ) The bulbar tvpe was the 
most frequent (we saw also the Cheyne-Stokes type) The two patients 
with fatal myasthenic cases presented a well marked and increasing 
fatigue of the respiratory muscles On the othei hand, the dyspnea was 
often caused by the rigidity of the respiratory muscles M) oclonus of 
the abdominal muscles did not seriously embarrass the respiration 
Plain bradypnea and tachypnea (as high as 44) ivere also frequent 
The respiration of othei patients was of a type that is well known 
m respiratory neuroses, one deep inspiration from time to time without 
any relief to the patient Facial herpes, especially labiahs, were rare, 
we saw herpes zoster in only one of our cases 

Polyuria was seen during the acute stage in several cases 
The association with bronchopneumonia did not seem to be more 
frequent than in other serious infectious diseases, nevertheless, it was 
usually a serious complication Only two of our seven patients who 

3 Syllaba Cas lek oes , 1920, no 29 
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died during the acute stage had not had pneumonia Bronchopneumonia 
can precede the onset of the nervous symptoms, but m most of our 
cases it was secondary. The cause of bronchopneumonia could rarely 
be ascribed to aspiration Many patients with this complication 
previously had a slight fever, but they did not show' pronounced mental 
changes nor paralysis of the last brain nerves (Syllaba 4 ) A relapse 
sometimes occurred m this complication, some patients w'ere able to 
endure the bronchopneumonia surprisingly w'ell and did not present any 
general alterations, although the physical symptoms w'ere marked 

The Cerebrospinal Fluid Our observations are m accord with those 
of other authors Marked changes W'ere found usually only during the 
first days, during the meningeal reaction Hyperglycorrhachia was often 
present This is an important point m its differential diagnosis from 
meningitis, especially when the rest of the symptoms would suggest 
meningitis (increased pressure cell count and protein content) Hypo- 

gh corrliachia, however, does not exclude encephalitis Cervenka found 
a sugar content of only 0 03 per cent m several cases 

The changes in the scope of the epidemic m our state could be well 
follow ed at our clinic The greatest epidemic occurred during the wunter 
of 1919 to 1920 During the winter of 1920 to 1921 far fewer cases 
of encephalitis occurred and from 1921 to 1922, the epidemic was still 
milder , during the winter of 1922 to 1923, how r ever, there w r as a distinct 
recrudescence, the epidemic being more widespread than it had been 
since the winter of 1919 to 1920 , 5 from 1923 to 1924 the fewest cases 
appeared During the year 1924 to 1925 we saw only nine new cases 
The last acute form w r e saw (up to October, 1927) was in October, 
1925 The hibernal revival of encephalitis was preceded ever}' year 
by a short epidemic of epidemic hiccup; as w r e remarked before, that 
form apparently is contagious It may be that the persons with 
hiccups are the propagators of encephalitis 

The gravity of the acute stage diminished from year to year Deaths 
occurred m the acute stage only in 1920 (9 2 per cent, seven in seventy- 
six 6 ) , no patient died in the acute stage of the condition after April, 
1920 It is almost certain that the treatment, w r hich is today more 
systematic than in 1920, plays a certain role in the decrease of mortality, 
but there is no doubt that the whole clinical picture became much lighter 
from year to year after 1920, and a temperature higher than 38 C 
became exceptional Myoclonus, as we have already said, became rare 
Mental symptoms became less serious and marked delirium was seen 
in only one case after 1920 (in 1923) , the duration of the acute stage 
was also much shorter. 


4 Sjliaba Cas lek ces, 1922, no 6 

5 Henner Cas lek ces 62:664, 1923 

6 Labohj Sborn lek , 1923, p 258 
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THE CHRONIC STAGE 

The majority of our patients were studied only while they were in 
the chronic stage of the condition It was not until aftei several years 
that we realized the enormous extent of the outbreak of the endemic 
of encephalitis dunng 1919 to 1920 The great number of cases and 
the peculiarity of the chronic form were the greatest surprise m this 
disease 

We have not seen a case of contagion in the chronic stage, although 
our patients were not isolated and though scarcely any prophylactic 
measures were taken 

Nomenclative — The greatei numbei of cases m the chronic stage 
were progressive and evolutionary , only a small number were stationary 
We have not seen any chronic cases which were spontaneously regres- 
sive Patients on whom physical examinations were made during the 
chronic stage of the disease by other authors always showed fresh 
inflammation among other symptoms For these reasons we do not 
accept the terms “status postencephaliticus,” “chronic residua,” 
“sequelae” (“postumi”) and prefer the more suitable term encephalitis 
epidemica chronica 

The clinical aspect of the chronic stage varies much , nevertheless, 
it does not vary as much less as in the acute stage 

The parkinsonian syndrome is the most frequent and the most 
prevalent In every other form of the chronic stage, parkinsonian 
elements were always found and usually represented its latest aspect, 
even m cases in which the chionic stage began with another picture 
All cases of chronic encephalitis end m the parkinsonian syndrome, 
the sole exception m our cases was that torsion spasm sometimes devel- 
oped after a parkinsonian syndrome 

Mode of Onset — 1 After the disappearance of the general sjmptoms 
— fever, lethargy oi insomnia with delirium, headache — and the greater 
part of the localizing signs, many patients begin to walk about, but 
recovery is not complete, their movements are slow, and the changes 
in physiognomy and the excitomotor phenomena may persist for a 
short tune This is a prolonged form of the acute stage which gradu- 
ally changes into the chronic stage, usually into the parkinsonian 
syndrome 

2 Many patients present an interval of apparently complete 
recovery 7 They feel well, and they do then work as well as before 
the illness This period may last a long time We had cases in which 
such a period of latency lasted five years One must concede that 

7 Syllaba Cas lek ces 61 417, 1922 
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this period might be still longer m some cases , it is one of the reasons 
why it is so difficult to speak about a complete recovery m any case 
of encephalitis 

3 The third category is also a special one There are patients who 
develop the chronic form of encephalitis without knowing that they 
have had an acute form If asked concerning their symptoms, they 
answer that some years ago they were a little sleepy, or that they 
could not sleep for a time, for several days they had diplopia, but not 
continuously, all clinical manifestations were so slight that they were 
not obliged to seek medical aid 

We may say that there is no correlation between the gravity of the 
acute and of the chronic stage After a serious acute stage there may 
come a serious chronic manifestation, but this may also follow an 
ambulatory or a “fruste” acute form On the other hand, the patient 
with the most severe and the most prolonged acute form may recover 
completely and not have a recurrence (up to the present, we may say 
only for seven years) 

The Fust Objective Signs of a Pai kinsonian Synch ome — In the 
majority of cases, the first symptoms are to be seen on the face, the 
strange physiognomy, the poor emotional expression, hypomimy, the 
immobile facies (l’air fige), the pseudodementia aspects and the sali- 
vation The eyes show tremor of the lids, paresis of convergence and 
pupillary signs, which we shall describe later 

Though the general movements of the patient do not show anv 
characteristics of such a preparkmsoman state, it is sometimes possible 
to surprise the patient m an attitude of slight flexion or m a catatonic 
posture, the pendulous movements of the arms when walking may be 
absent on one side or on both sides The reflexes of posture (Foix and 
Thevenard) are increased m such a latent stage (Henner, 1925) In a 
detailed examination of the patient one finds several symptoms that 
reveal a disturbance of the extrapyramidal innervation (Signe de la 
roue dentee, Negro, the dissociation of forces, Mile Dyleff, signe de 
l’arret brusque, Mile Dyleff, signe du renversement due tronc en 
arnere, Souquea , signe du mouhnet, Souques , and many others ) 

Fully Developed Encephalitic Pai kinsonian Syndiome — The first 
case of parkinsonian syndrome was presented by one of us (L S 8 ) 
at the meeting of the “Purkyne Society” in January, 1921 Since that 
time the parkinsonian syndrome has been noticed to be widespread 
The symptomatology and pathophysiologic deductions of the encephalitic 
parkinsonian syndrome were discussed by one of us (L S , 1922 9 ) 


8 Syllaba Gas lek ces , 1921, no 10 

9 Syllaba Gas lek ces 61 1041, 1922 
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The symptomatology of the parkinsonian syndrome is so well known 
that it is not necessaiy to say much about the three pumary symptoms 

1 The loss of associated movements seems to be the first of the 
three primary symptoms 

2 Rigidity is more apparent than real in some cases, the extra- 
pyiamidal qualities of the ligidity, especially its plasticity, are always 
piesent 

3 Tremoi is sometimes not conspicuous, it is often also intentional 
and present not only when at rest There are forms “sine agitatione” 
and also “sine rigiditate ” Some degree of loss of the associated move- 
ments is always present in both instances The condition is never 
strictly symmetrical Tiemor and paresis of the tongue were present 
in every case without exception, it is also one of the earliest signs. 
Besides the three primary symptoms, many others have been observed 
which are somewhat familiar from the description of paralysis agitans 
essentialis 

Distui bailee of Speech — Some patients had Gowers’ “festmation 
in speech analogous to that in walking,” i c , Claude’s tachyphcmia 
Such patients begin to speak in a noimal way, but they speak more 
and more rapidly, until their speech becomes entirely incomprehensible 
Palilalia (Souques) was also obsened Palilalia consists of involuntary 
and irresistible repetition of w r ords or sentences (even thirteen times 
in our cases) Both types of patients w r ere presented at our medical 
society (Henner, 1922 10 and Schemer, 1922 11 ) Several other cases 
of tachyphemia and palilalia v 7 ere observed at our clinic, in these cases 
there was always marked retropulsion 

Difficulty m speech always occurred with the encephalitic parkin- 
sonian syndrome and varied accoiding to the tongue sjmptoms, which 
were always present Usually speech w r as monotonous, but sometimes 
enunciation was also difficult Such disturbances sometimes resembled 
bulbar or pseudobulbar speech (type II, Bnssaud) Another striking 
factor was the low voice of the patients Several patients could not 
speak at all — parkinsonian mutism 

Ktnesia Paiado.xa — This strange phenomenon occurred frequently. 
Almost every patient with the encephalitic parkinsonian syndrome could 
run better than walk, but the lonesia paradoxa occasionally was striking 
in almost all movements The patient, for instance, could not say more 
than one or two words, extremely slowly and in a low r voice , on some 
occasions, especially when angry, he spoke m a normal manner The 
kinesia paiadoxa was of short duration and most independent of the 
patient’s will 

10 Henner Cas lek ces , 1922, no 19 

11 Schemer Cas lek ces 61 292 and 410, 1922 
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Later Evolution of Parkinsonian Syndrome — The parkinsonian 
syndrome is usually progressive, sometimes progress is rapid the 
wasting is excessive and death occurs in a short time usually as the 
result of an mtercurrent disease (A progressive chronic stage, forme 
cachectisante. Mile Levy ) 

Death occurred m eleven of seventy-two (15 3 per cent)® of the 
cases which we observed at the clinic m the first months of 1920 

The aggravation usually advances by leaps (schubweise poussee 
evolutive) After such an episode the condition of the patient again 
becomes stationary for some time We have not seen the spontaneous- 
reappearance of the acute picture (lethargy delirium myoclonies etc ) 
that some authors have noted 

Other cases present a parkinsonian syndrome which does not change 
One could perhaps name such a condition ‘status post encephalitidem 
We may imagine that m these cases the pathologic process is anatomicallv 
cured, and that there is no persistence of the virus in the nervous tissues 
Differences Between the Encephalitic Parkinsonian Syndrome and 
Paralysis Agitans Essentiahs — There are many cases in which the 
differential diagnosis would be entirely impossible if we did not know 
the history of the acute stage usually the encephalitic parkinsonian 
syndromes have various additional symptoms which are not common in 
Parkinsons disease It is especially the atypical intentional tremor 
the catatonic elements together with the pseudodemential physiognomy 
which are almost pathognomonic for chronic encephalitis 

The Encephalitic Torsion Spasm (Dysbasia Lordotica Progressiva) 
— This form is rare , we observed it only in patients who had the acute 
stage as children Our clime was the first to describe the ‘ park- 
insonian syndrome of extension’ and its close relationship to torsion 
spasm (Henner, 1922 12 ) The parkinsonian syndrome of extension 
described by Charcot and Mendel is much more a torsion spasm £ fruste 
than a shaking paralysis Our opinion is that the term parkinsonian 
syndrome of extension should not be employed The “parkinsonian 
syndrome of extension ’ has been observed at our dime thus far in 
sixteen patients 13 The extension is not so pronounced as the flexion 
in the frank parkinsonian syndrome of flexion, but the extension always 
became greater when the patient was standing or walking (dysbasia 
lordotica progressiva) A complete symptomatology of torsion spasm 
was seen m four cases One of them was described m detail and 
illustrated by moving pictures This patient had a well marked kmesia 
paradoxa , in playing with a ball, he was quick and skilful like a normal 


12 Henner Cas lek ces 62*103, 1923 

13 Henner Compt rend cong- de med. alien et neurol , 1925, p 229 

14 Henner Cas lek ces 63:797, 1924 
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boy Our cases of encephalitic toision spasm showed cleaily that the 
dysbasia lordotica piogressiva is not a disease of only one etiology, but 
of one and the same topography of lesions (somewhere between the 
basal ganglions and the midbrain) Our four patients with complete 
encephalitic torsion spasm passed successively through these stages 
(1) acute encephalitis, (2) apparent iccovery, (3) light frank park- 
insonian syndiome, and (4) first signs of torsion spasm It is the only 
form of chronic encephalitis in which the paikinsonian syndrome is not 
the latest stage of the disease 

Some Rate Additional Symptoms of the Chi onto Stage — The Brady- 
Kinetic Movements (P Mane and Levy) As has been said, these 
movements weie not seen at oui clinic in the acute stage, in the chronic 
stage, we have seen them only three times (TIenner, 1923) They are 
slow lhythnuc movements of the limbs, the amplitude of the move- 
ments is great, and the locali7ation is usually at the root of the limbs, 
some resemble tics, but the bradykinetic oscillations are too slow, and 
if one lesists the movements, one m<i} palpate the contractions of the 
muscles which persist as long as one holds the limb of the patient In 
all thiee cases, the bradykinetic mo\ emails were associated with a 
slight paikinsonian syndrome 

Rhythmic clonic contractions weie obsened in six cases In one 
case 15 the)'' were in the whole region of the left sc\enth nerve These 
contractions occurred as often as thirty times in a minute, one con- 
traction lasting fiom four to six tenths of a second (giaplncally regis- 
tered) In this case also there was a slight parkinsonian sjndrome 
The rhythmic contractions disappeaied after the treatment by auto- 
cerebrospmal fluid Two yeais later, the patient had a marked park- 
insonian syndrome , nevertheless he could play football as well as before 
he had the disease (kmesia paradoxa) 

Median Facial Spasm (Meige) This picture following epidemic 
encephalitis appaiently was not seen by any one else This phenomenon 
consists m a closing of the eyes for several moments, which is preceded 
by a progressive fasciculai totalisation The patient makes various 
defensive movements in order to be able to stop the spasm Although 
at first it lesembles a tic, it is not a tic, but an organic disturbance 
We had only one such case (Hennei 10 ) Tics may occur either after 
or dunng encephalitis One of us (L S 17 ) piesentcd two cases with 
well marked tics (m 1921), later, two others fiom our service were 
reported b) Vondracek 18 We divide encephalitic tics into earlv tics 

15 Henner Cas lek ces 62 156, 1923 

16 Henner Cas lek ces 62 102, 1923 

17 Syllaba Cas lek ces 60 56, 1921 

18 Vondracek Cas lek ces 61 410, 1922 
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w Inch de\ elop on the encephalitic basis and secondary later tics m v Inch 
we presume the existence of general nervous degeneration Many other 
types of tic were observed at our clinic later 

M}otonic Phenomena Myotonia is confined to a few muscles ancl 
is present especially m the hand grasp The more firmh the patient 
grasps an object the more difficult it is to relax his hold This phe- 
nomenon was observed onh when the parkinsonian syndrome was 
present 

Mental changes were frequent and the variation in degree was 
great Slight changes of character inability to concentrate and suicidal 
tendencies were noted but we have not seen a person with fully de\ el- 
oped insanity who required seclusion Of the three ps\chic elements 
intelligence, emotion and will the first is involved rarely m the adult 
memory, observation and judgment were usually intact A more or 
less pronounced egocentrism was not surprising m such a serious condi- 
tion as chronic encephalitis Many persons with chronic encephalitis 
are in a state of dementia (little expression on the face, open mouth and 
pttalism) but the}' are not demented On the other hand the ps\chic 
life of such persons is sometimes poor and sometimes ended bj the 
loss of contact with the exterior world when the somatic state does 
not allow the patient to read write or speak As a rule the real 
defect seems to be in the will the majority of patients being hypobuhc 
or abulic Mental changes are much more serious m children m w'hom 
we saw the most profound alterations the} became aggressive showed 
pathologic tendencies cruelty and a classical moral insanity the} often 
developed nocturnal restlessness and excitement Drowsiness b} da} 
persisted m all patients a long time especially m children 

Obesity. Polyuria Diabetes Insipidus Several patients gained m 
weight m a pathologic manner an increase of 10 Kg m adults v as not 
exceptional Sometimes polyuria and thirst accompanied the obesity 
One of our ambulator}' patients drank 31 liters of ■" ater daily and had 
a corresponding pohuria We could not perform the necessary tests to 
determine whether all characteristics of diabetes insipidus were present 

In one case a woman with an encephalitic parkinsonian syndrome 
gained 18 Kg m one year Her menses ceased and she had a slight 
polyuria (3 liters) and was always thirsty That association ot symp- 
toms suggests dystrophia adiposogemtahs That patient was presented 
by one of us (L S ) to show' that dystrophia adiposogemtahs ma 1 ' also 
be a S}ndrome caused by the topography of the lesions and that dys- 
trophia adiposogemtahs is not alwa}S an independent disease Such 
cases reveal the alteration of the floor of the third ventricle Changes 
occur m the h} pothalamic zone where the lesions of chronic encephalitis 
are relaiivelv frequent Thirst and secondary pohuria caused b} 
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piimaiy polydipsia may also be denved ultimately m some of these 
cases as a result of tieatment with scopolamine 

Sympathetic System One of us (L S ), with Weber, examined the 
s)mpathetic system in the usual manner in fiom twenty-six to thirh- 
foui cases of chronic encephalitis in which the parkinsonian syndrome 
was piesent 10 The results of glycenuc tests after 1 mg of epmephnne 
had been injected subcutaneously showed that only five of twent\-si\ 
patients had a noimal reaction and twent)-one had an abnormal one 
The condition affects especially the mechanism of legulation, hyper- 
glycemic leactions weie too high, niegulai and intei rupted The 
gljcemic curves aftei the ingestion of dextrose did not show any special 
abnormality, aftei the ingestion of le\ulose these curves were almost 
noimal The blood piessuie was usualh lowered \\ ebci thinks that 
this fact could be explained by alteiution in the corpus striatum Vidal’s 
test foi hemoclasia w r as positne in onh 20 per cent (se\en of thirty - 
foiu) Rigidit) did not change after the administration of epinephrine 
Tiemoi w r as constantly increased, especialh aftei intraienous injection 
of epmepluine 

To summai i?e We think that the alterations in the sjmpathetic 
sjstem in chronic encephalitis are constant The lesions aie probabh 
situated particulaih in the highest sMupathetic centcis 

The livei seems to function normally in chronic epidemic encephalitis 
Signs Common to all "l'onni” and Pictmcs of Clnomc Encephalitis 
— These signs have the greatest practical importance In its beginning 
a chronic stage of the disease often gnes the impression of a functional 
trouble (neurasthenia or pithiastisme) \\ hen the semptoms are limited 
to one extiennt\, one thinks of a pei lphcral paiesis 

Pupillaiy Signs Even combination of loss and preservation of 
one oi moie of the five leactions may occur One of us (L S ) was the 
hist to desenbe the Aigvll Robertson pupil in the acute and clnomc 
stage of epidemic encephalitis The Argcll Robertson pupil was 
obseived at oui clinic also m the stage of latency dining the intei val of 
apparent recover) 

The most fiequent type in the clnomc stage was the ie\erse Argyll 
Robertson pupil All leactions weie pieseued, and only the mocement 
which noimallv lesults wdien looking closeh was not piesent That 
type of pupillai) symptom was not known before the occuirence ot 
epidemic encephalitis, and it is almost pathognomic of that disease We 
have not seen that sign in any othei disease 

19 Weber Shorn lek , 1923, p 264 S\llaba and Weber Rc\ ncurol , 
1926, vol 1, no 6 
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Simultaneously with the disappearance of the leaction of accommo- 
dation we usually found paralysis or paresis of convergence of the eyes 
The paresis of convergence is frequent too in essential paralysis agitans 
These oculopupillary signs were studied m the chronic stage of epi- 
demic encephalitis by one of us (K H 20 ) Accommodation (the func- 
tion of ciliary muscle) usually is not disturbed m the chronic stage 
Abnoimal accommodation and paresis of convergence are usually 
associated, but we found that even these two functions may be dissoci- 
ated m epidemic encephalitis 

The movement of the pupil which occuis on far or close vision is 
not a reaction to accommodation, it is not a tiue reaction, but an action 
which by physiologic conditions is associated with convergence of the 
eyes and changes in the refractivity of the eye lens Clnonic epidemic 
encephalitis has shown that each of these three functions may be attacked 
separately by pathologic conditions 

The disturbance m the accommodation reaction and paiesis of eye 
convergence in our cases wei e greatest when the patient was looking up 
They were sometimes less when he was looking forward and diminished 
still more when he was looking down (Baire’s rule) It is an exaggera- 
tion of noimal physiologic conditions We are accustomed to use neai 
vision to look closely, especially when looking down , rarely when look- 
ing up In that syndiome (paresis of convergence with loss of the 
accommodation reaction) the lateral movements of the eye-balls are 
normal 

Patients with Aigyll Robeitson pupils or with inactive pupils in the 
interval of apparent lecovery would lead to erior and should make 
one suspicious of neurosyphilis or metasyphihs In a few cases that 
possibility should be senously consideied 

Othei Ocular Signs of Chronic Epidemic Encephalitis While in 
the acute stage we usually saw nuclear disturbances m the movements of 
the eyeball, in the chronic stage we saw chiefly distuibances of the 
movements of association These were not paralytic, but irritative , they 
were not constant, but intermittent, and occurred in spasms These 
spasms weie characteristic Both eyes were turned to the left or the 
right, but especially upward In such an attack, the eyes were fixed, 
and they could not be moved m any direction Such attacks occurred 
at certain intervals, usually at a certain tune of the day, especially in the 
evening In our cases, the deviation of the eyeballs was associated with 
different deviations 01 lotations of the head These particular deviations 
of the eyes and head which appealed in spasms and while the patient 
was fully conscious were almost pathognomonic of chronic epidemic 
encephalitis The cerebellar and vestibular functions weie examined m 


20 Henner Shorn lek , 1923, vol 2 
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detail 21 Almost all ceiebellar examinations gave lesults which were 
just the opposite of those obtained in cases in which destructive cere- 
bellar lesions weie piesent This leverse condition was brought out 
when one compaied a case of encephalitic parkinsonian syndrome with 
a case of definite cerebellai lesion (eating, walking, diessing etc) In 
1925, we -- showed that what in a destiuctive ceiebellar syndrome was 
“black” m a paikinsoman syndrome was “white” and vice versa Some 
parkinsonian symptoms were present in almost every case of cerebellai 
lesion , that is, in some cases examinations did not show that the patients 
were noimal oi that they had ceiebellar lesions, but the results were the 
opposite of those obtained wdien ceiebellar lesions were present We are 
inclined to considei such lesults as liritativc oi In pei functional cerebellar 
signs That point of view' found suppoit in the lesults of oui experi- 
mental investigation When alcohol is gnen to a normal person, it 
creates an excessne ceiebellar deficienc) suidrome (classical) accom- 
panied by exaggeiated (and paith impaiicd) lcsponscs on instrumental 
vestibular in nation We found an analogous effect after big doses 
of scopolamine (from 1 2 to 1 6 mg in fiom fne to ten boms) 

A patient w'lth a ceiebellar lesion which was already much com- 
pensated and wdiose cerebellai symptoms thsappeaied again presented 
a full deficiency ceiebellar sjnclrome aftei a small dose of an alcoholic 
drink or after taking a few' decimilhgratns of scopolamine 

On the conti ary, patients with the encephalitic paikinsoman sjndrome 
were much impiovcd temporarih by one oi the othci drug Almost all 
symptoms disappeared or weie diminished considerabh in accordance 
with the diminution of postural lefiexcs (Foix and 'Ihcwenard) By 
mci easing the dose of the ding, w'e could c\en change some parkinsonian 
sunptoms into ceiebellai (deficienc)) signs 

Yestibulai examination in patients with the encephalitic parkinsonian 
synch ome did not show' anv special changes in the nj^lagmus pioduced 
but the leactive movements weie much less than m a noimal person 
These leactive movements became giealci dm mg intoxication from 
alcohol or scopolamine In the past-pointing test of Barany and in the 
examination of Hautant a tegular tendency to a spontaneous inside 
deviation w r as found (In destiuctive ceiebellai lesions a spontaneous 
outside deviation almost always occurs) Appaicntly the parkinsonian 
synch ome has the aspect of a general cerebellai h\ pei function 

In the monogiaph mentioned (Henner), we said that we are con- 
scious of many possible objections, nevertheless, the finding of a conse- 

21 Henner Symptoms Caused bj Hcperfunction of the Cerebellum, Sborn 
lek 1924, p 1 

22 Henner Re\ neurol 1 1048, 1923 
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fluent antithetic parkinsonian cerebellar syndrome is too regular and 
constant One can hardly interpret everything as a mere chance 

There is a great variation m the association of the symptoms in all 
the chronic “forms” of chronic epidemic encephalitis, and it is not possi- 
ble to speak about many well marked “forms ” We recognize onl\ the 
following somewhat distinctive symptoms 

1 Parkinsonian s)ndrome 

2 Torsion spasm (its incomplete clinical picture is the “parkinsonian 
syndrome of extension”) 

3 The infantile form which is characterized by profound mental 
changes, prolonged inverted type of sleeping, however, the infantile 
form is or becomes in the end parkinsonian 

4 Dystrophia adiposogemtahs (m women), obesit) in men, diabetes 
insipidus even with the association of the parkinsonian syndrome was 
constant 

The prevalence of extrapy rami dal manifestations was extremely 
striking m the chronic stage 

We are not trying to develop an) conceptions of the logic pathologic 
physiologic processes of the chronic stage of epidemic encephalitis from 
what this disease taught us about the normal functions of several sys- 
tems m the human bram Our intention is only to communicate the 
clinical conditions which ive have observed and studied 

DIAGNOSIS AND PROGNOSIS 

In the acute stage of the condition one must in doubtful cases con- 
sider especially tumor of the bram, meningitis, the catatonic form of 
dementia praecox and syphilis of the bram stem The differentiation 
is usually easy, especially after a thorough examination of the cranial 
nerves and the cerebrospinal fluid , nevertheless m some cases the diag- 
nosis may be difficult 

In the chronic stage, the diagnosis is still easier to make An 
authentic paralysis agitans and especially syphilis of the brain must 
be considered Following an epidemic of encephalitis, one must consider 
not only syphilis and metasyphihs, but also epidemic encephalitis m 
every case of pupillary disorder 

Syphilis of the bram and epidemic encephalitis may sometimes have 
the same clinical picture There are also syphilitic parkinsonian syn- 
dromes and syphilitic encephalitis of the corpus striatum which have 
been described and histologically proved (Lhermitte, Roussy and 
Cornil) 

It should not be forgotten that a syphilitic person may become 
affected bv epidemic encephalitis as well We have described several 
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cases m which it was practically impossible to decide whethei the condi- 
tion was syphilis or chronic epidemic encephalitis (Henner) 

The Wasseimann leaction was sometimes positive in epidemic 
encephalitis even when syphilis could be excluded The unreliability 
of the Wasseimann leaction in eveiy infectious disease is now well 
known In such cases caieful examination of pupils, especially of the 
inverted Argvll Robeitson type, the paiesis of convergence is helpful 

This seems to be difficult If the acute symptoms are not too violent, 
if the fever is not high, if the sensoiium is not much disturbed, it is eas) 
to say that the patient will live for seveial months or years Even after 
our extensive expenence we cannot pi edict in any given case that the 
patient will lecover completely even though he maj appear well follow- 
ing the acute stage of the condition and e\en though he ha= been well 
for several years (L S ) Theie are also no signs that could tell us 
whether a chronic stage is stationary, whethei it is a sequel, a status 
postencephahticus, 01 whethei it is or will become a piogiessne evolu- 
tionaiy form 

TREATMENT 

In accordance with Leiaditi’s expenence, we used for prophylaxis 
potassium peuuanganate (2 1,000) for disinfection of the mouth and 
nasopharynx We did not have any case of infection either among the 
medical staff oi among the other patients, neieitheless, it is almost 
ceitam that the same lesults could be obtained without that precaution 

Ticatmcnt m the Acute Stage — We began to use Letaditi’s vims 
vaccine intiathecall) in 1925 Thice patients w r eie treated (Henner 23 ), 
and they appaiently recot eied completely, neieitheless, it is difficult 
to say that the same lesult would not have been obtained without the 
\irus vaccine, and that lecover) will be peimanent and will not be 
followed by a chiomc stage 

Othc i Ticatmcnt — In 1920, tve gave our patients onh methenamme, 
and the lesults duiing that yeai tveie the least favoiable obtained But 
the clinical pictuie at this time was also the most senous during the six 
yeais Since 1920, following the adoption of more eneigetic treatment 
none of oui patients has died in the acute stage of the disease, but 
one cannot say that the same lesults could not ha\e been obtained 
without treatment 

Lumbar punctuie seems to be useful m the acute stages We ahvays 
used an intiathecal injection of methenamme and an injection of the 
autocerebrospmal fluid subcutaneously That tieatment was icpcated 
seteial times, once a week, during the acute stage In the intervals, w r e 
gave daily 1 Gm of 25 per cent methenamme solution mtiavenouslv 

23 Henner Cas lek ces 64 534, 1925 
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The great excitation, especially in the myoclonic form, was markedh 
benefited by the intramuscular injections of bromhydrate of coniine 
from 1 to 2 mg 

Several cases were so serious that we expected the patients to die, 
nevertheless, they recovered Our opinion, therefore, is that treatment 
probably has an influence 

During the period of apparent recovery our patients were advised to 
lead a hygienic life such as is recommended in any nervous disease, 
and they received methenamme periodically either by mouth or 
intravenously 

Ti eatment in the Chrome Stage — Many patients 24 had been treated 
by the virus vaccine of Levaditi One patient developed broncho- 
pneumonia during the treatment and died, having received the vaccine 
by the suboccipital route With the exception of this patient, none of 
the others grew worse following treatment, the majority did not get 
the full dose, the vaccine was not always fresh, and the intervals were 
sometimes too long It is therefore difficult for us to appreciate the real 
value of the virus \accme Several patients who had the parkinsonian 
syndrome, especially children, improved considerably on that treatment 

By the use of the vaccine we could shorten the duration of the 
chronic form of the disease by several days and change it into an acute, 
typical and classical oculolethargic form This result could not be 
produced by any other means, but it must be remembered that we have 
not had any experience with intrathecal injections of other protein 
bodies 

The reactions were violent The lethargy was often like that m an 
acute stage of the disease, and w r as followed by delirium during the 
night The inverted type of sleeping w r ould occur for a time, the 
meningeal phenomena Avere usually more marked during the first days 
of the reaction than in a spontaneous acute epidemic encephalitis The 
reaction usually had two apexes of fever wduch w r ere separated by an 
interval of normal temperature Is it that the first fever is “para- 
specific,” and the second, “specific 

The vaccine seems to be specific, and that is the most hopeful factor 
One cannot ask more even from a specific vaccine when used in the 
chronic stage than that it will stop the inflammatory part of the process 
and give the patient a persistent immunity The purpose is to change a 
chronic encephalitis to a postencephalitic state, to change an evolutionary 
form into a stationary form The later treatment of a patient ana- 
tomically cured by the vaccine resolves itself into physical measures 

All these facts show how impossible it is as yet to say anything 
definite about the value of the vnus vaccine 


24 Henner Cas lek ces 61 233, 1922 
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We also used a cacod)late of sodium (50 pei cent solution) m a 
large senes of cases We used it intravenously m large doses (Iv H 25 ), 
fiom 0 5 to 2 5 Gm , given tluee times a week in seveial senes of cases 
Several hundied patients were treated in that mannei Almost every 
patient impioved aftei this loutme (from about 40 to 70 Gm , intra- 
venously), but the ultimate lesults weie stnkmg m only a few cases 
The best lesults occuired in cases m which the Wusseimann leaction was 
positive It may be that the c e cases weie associated with syphilis of 
the biain and that the cacodylate of sodium had the antis'vphilitic action 
attributed to this remedy In Amei ican authoi s We have about twenty 
patients who were not able to do any woik and who are now able to 
cariy on then occupation in a satisfactory mannei Nevertheless, typical 
objective pathologic signs were not absent in am case aftei treatment 

Scopolamine and scopoha taken by mouth oi injected subcutaneously 
had the quickest, the most marked, but also the most temporal y effect, 
neveitheless the getting accustomed to it was slow and there aie man) 
patients who have lived for seveial ) eai s on scopolamine and whose 
life that lemedy has made lelativeh supportable Mam other tieat- 
ments v r eie investigated 

Intravenous injections of autocercbi ospinal fluid (Henner and 
Baroch, 1924 - 5 ) w'eie without notable effect Onh the patient with 
lhythmic clonus whom we ha\e alread) mentioned lost the clonic jerks 
after that tieatmcnt but not the signs of a slight patkinsoman sjndrome 

The intravenous injections of sodium salicylate and intrathecal injec- 
tions of autoseium have not been tested in a sufificicnth laige series for 
us to offer a definite opinion concei nmg their efficac\ 

PII\SICAL REHDL C \TJON 

Active and passive movements, massage and piolonged baths mat 
have a good influence in every case when even thing is done s\s~ 
tematicall) and with great pei severance and energ\ 

We are neithei nihilists nor absolute skeptics concerning the tieat- 
ment of patients who have chronic epidemic encephalitis, but this disease 
has shown us that definite statements about the value of this or that 
therapeutic method cannot be given until aftei mam yeais have elapsed 

CONCLUSIONS 

Epidemic encephalitis as obseived and studied at oui clinic from 
1920 to 1924 was and is to us a new disease Oui opinion is that it 
is a distinct and independent disease, and, foi many leasons, we do 
not believe that w^e aie justified in naming or confusing it with influenza 

25 Henner and Borach Cas lek ces 63 709 1924 
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Epidemic encephalitis is a complete clinical pathologic and anatomic 
entity 

Mortality m the acute stage was not high in our series, but the 
chrome stage caused great de\ astation 

The treatment should be prompt and energetic in the acute stage 
m which lecoven is more or less dependent on medical caie Tieatment 
m the chronic stage is not a pi 101 1 absolutely hopeless, but it is tedious 
and the results are uncertain 

Several years of the pandemic ot epidemic encephalitis ha\e influ- 
enced the v hole neuiologic world m an unexpected way We ha\e 
gamed moie knowledge of the physiology and pathology of the extia- 
pyramidal sv stem during this pandemic than we should otherwise ha\ e 
done in several decades The extrap} ranudal symptomatology fiom now 
on is based on a secuie neurologic basis and forms a new neuiologic 
chapter 

Neveitheless mam questions concerning epidemic encephalitis remain 
unansweied The most important questions seem to be the solving 
of the actual problem during such a rare outbreak of epidemic encepha- 
litis (once or twice m a century) , determination of the cause of the 
long period of apparently complete recovery 'which often occurs between 
the acute and the chronic stage , the reason for the prevalence of extra- 
p} ranudal signs m the chronic stage the treatment in the chronic stage 

Our article does not deal with a new theme, nor is it a clinical descrip- 
tion of epidemic encephalitis Omitting almost eveiythmg that is 
general knowledge w r e have intended simply to present oui personal 
observations and opinions which w r e have gatheied fiom the thousand 
cases of encephalitis that we studied 



ABSORPTION OF UNDIGESTED PROTEINS 
IN HUMAN BEINGS 

THE ABSORPTION Or UNALTERED TISII PROTEINS IN \DULTS ' 
MATTHEW BRUNNER, MD 

AND 

MATTHEW WALZER, MD 

NFW ‘iORk 

In a previous communication, one of us 1 piesenlcd a direct method 
ioi demonstiatmg the absorption of undigested piotem in human beings 
The technic employed was described in detail The following routine 
lias adopted for studying the absoiption of unalteied fish protein 

The subject to be studied was kept on a fisb-free diet foi twenty-four 
hours and was then passively and locally sensitized to fish b\ the intra- 
dermal injection on the arm of 0 05 cc of a suitable scrum Tins bad 
been obtained from two patients sensitne to fisli, “G” and “M,” whose 
histories were presented On the following morning, the subject was 
fed about 50 Gm , or one third, of a raw herring, on an empt) stomach 
Within from a few minutes to tw r o hours, a reaction consisting of 
pruritus, eiythema and a wdical usualh developed at the sensitized site 
It was pioved that this reaction could only be effected b\ the union 
of the reagins, in the serum obtained from persons sensitne to fish, 
w'hich had been fixed at the injected site, with the specificall) 
1 elated protein, unaltered fish protein Its appearance after inges- 
tion of fish, therefore, was a specific indication that unaltered fish protein 
had penetrated into the cnculat’on from the digestive tract The details 
of serum preparation, the technic for passive local sensitization and for 
testing and a theoretical discussion of the various principles involved m 
the procedure have all been presented m the first communication A 
detailed description of the local reaction has also been presented 
elsewhei e 2 

The scope of the piesent communication is limited to the results of 
studies on the absoiption of unaltered fish piotem m adults, w'lth a 
notation of a few r of the factois wdneb w r ere found to affect the 
phenomenon 

*From the Jewish Hospital of Brookhn, and the Department of Bacte- 
riology and Immunologj, Division of Immunolog\, Cornell UnnersiU Medical 
College and the New York Hospital 

1 Walzer, M J Immunol 14 143, 1927 

2 Walzer, A , and Walzer, Matthew Am J M Sc 173 279, 1927 
Urticaria II Arch Dermat &_ Svph 17 659 (Ma\) 1928 
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PRELIMINARY STUDIES 

In order to ascertain the usual reaction (absorption) time in the 
aveiage person and to determine the dilution of serum most favorable 
for testing purposes, a number of subjects were chosen who, as far as 
could be determined, weie fiee of gastro -intestinal disturbances The 
first twelve cases recorded m table 1 compnsed this group The usual 
loutme was employed, except that each subject was sensitized with 
two or more dilutions of serum, as noted in the table The reaction 
(absoiption) time was measured from the time of the ingestion of fish 
to the first objective symptom noted at the sensitized site, namely, 
erythema or a wheal Pruritus, though it often was the first to appeal , 
could not be accepted as a lehable index of the onset of the reaction as 
it was a subjective symptom, which could not be confirmed by the 
investigator The results of the tests appear m table 1 

In charting results, it was found difficult to record the degree of the 
l eaction, except m a general manner It was noted, however, that within 
broad limits and with a few exceptions the stronger the reaction the 
earlier its appearance, and vice veisa As the i eaction time was a defi- 
nitely measurable quantity, it was theiefoie chosen, in preference to the 
size of the reaction, as an index of the subject’s absorptive powers 
In the prelimmaiy series, each of the six subjects sensitized with 
undiluted serum demonstiated the phenomenon Of twelve subjects 
sensitized with a 1 10 dilution, eleven reacted positively Of eight 
tested with a 1 100 dilution, only three leacted, with a 1 200 dilution, 
only one positive result was obtained in four subjects tested Case 8 
was the only instance in which positive reactions were not obtained 
Unfortunately, this subject had not been tested with undiluted serum 
and was unable to return for further investigation 

These preliminary tests demonstrated that dilution of the seiuni m 
excess of 1 10 materially diminished its usefulness Up to that point, 
however, dilutions were almost as effective as the whole seium For 
the purpose of economy and, at the same time, to avoid the severe local 
reactions which often occurred with the undiluted seium, the 1 10 dilu- 
tion was adopted foi loutme sensitization When this gave negative 
results, the test was repeated when possible, the undiluted serum being 
used 

With the exception of case 4, which will be discussed presently, 
the reaction time in persons sensitized with the 1 10 dilution varied 
from five to sixteen minutes, and with the undiluted serum, from six 
to thirteen minutes 

RESULTS Or TESTS 

With the foiegoing mfoimation as a guide, a senes of studies were 
instituted on a vanety of subjects In all, sixty-five subjects were 
tested Then ages vaned from 15 to 70 years About thiee fourths of 
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TABLr 1 — Results of Tests 


Reaction (Absorption) Time in Minutes 

Sens 1 , -A < 

tiring Undiluted Dilution Dilution Dilution 


Caso 

Date 

Diagnosis 

Ago 

Se\ 

Scrum 

Scrum 

1 30 

1 100 

1 200 

1 

9/20/25 

Normal 

31 

M 

G 

9 

9 



2 

9/20/25 

Normal 

2S 

M 

G 

33 

33 

+* 

0 

3 

9/20/25 

Normal 

32 

M 

G 

0 

5 

21 


4 

9/20/25 

Normal t 

31 

M 

G 

20 

CO 

0 


3 

9/20/25 

Normal 

30 

M 

G 

9 

9 



0 

0/20/25 

Normal 

23 

SI 

G 


10 

0 

0 

7 

9/20/23 

Normal 

25 

M 

G 


10 

0 


S 

9/20/23 

Normal 

31 

M 

G 


0 

0 


9 

9/20/25 

Normal 

23 

M 

G 


5 

1 


10 

9/20/25 

Normal 

33 

SI 

G 


35 

0 

0 

11 

9/20/25 

Normal 

30 

SI 

G 


10 


10 

12 

0/20/25 

Normal 

30 

SI 

G 

33 

13 



13 

9/20/23 

\stbnm 

34 

SI 

G 

15 

0 


0 

14 

0/20/25 

Asthma and ha j -fever t 

27 

SI 

G 

40 

0 

0 


]"> 

9/20/25 

Asthma and haj -fever 

33 

SI 

G 

9 

9 



16 

9/23/25 

Bells pnlsj, lij pertension 11 

SI 

G 


U-‘ 

2S 


17 

9/23/23 

Cerebrospinal sjphllis 

19 

SI 

G 


21 

28 


18 

9/23/25 

Infectious nrtliritis 

37 

SI 

G 


21, 

47 


19 

9/23/25 

Asthma 

50 

SI 

G 


5 

5 


20 

9/23/25 

Milinrv tuberculosis 

27 

SI 

G 


0 

0 


21 

0/23/25 

T> phoid fever convalescent 17 

r 

G 


11 

17 


2*2 

0/23/23 

Carcinoma of breast 

30 

p 

G 


IS 

31 


23 

9/23/25 

Pneumonia and plcurisj 

50 

r 

G 


S 

S 


24 

0/23/23 

Pneumonia 

32 

M 

G 


00 

00 


23 

9/20/23 

Purpur i 

23 

r 

G 


14 



20 

9/2G/23 

Shoulder Injurj 

23 

M 

G 


19 



27 

9/2G/25 

Osteomjelltis 

10 

SI 

G 


29 



2S 

9/20/23 

Hernia 

70 

SI 

G 


17 



29 

9/20/23 

Hjstcrla 

28 

V 

G 


■> 



30 

9/20/25 

Ciiolecjstitls 

40 

SI 

G 


20 



ol 

10/14/25 

Gastric idee 

11 

SI 

G 


27 



32 

10/14/25 

Asthma 

50 

SI 

G 


15 



33 

10/10/25 

Scleroderma 

\dult 

3 

G 


11 



34 

10/1G/25 

Pemphigus 

Adult 

SI 

G 


29 



33 

10/1G/23 

Rajnaud’s disease 

Ydult 

I' 

G 


32 



30 

10/10/25 

Pemphigus 

Adult 

SI 

G 


3! 



37 

10/10/25 

Pemphigus 

Adult 

3’ 

G 


IS 



IS 

10/10/23 

Ivoloid 

Adult 

r 

G 


26 



39 

10/18/25 

See table 3 

52 

51 

G 

(4) 

0 



40 

10/18/25 

See tabio 3 

10 

51 

G 


75 



41 

10/18/25 

Sec table 3 

37 

51 

G 

105 

0 



42 

11/20/25 

Normal 

U(ult 

51 

G 


12 



43 

11/20/25 

Normal 

Adult 

SI 

G 


8 



44 

11/20/25 

Normal 

Adult 

51 

G 


8 



45 

12/19/25 

Pneumonia 

32 

r 

G 


15 



40 

12/19/25 

Normal 

IS 

r 

G 


1 



47 

12/19/25 

Normal 

23 

r 

G 


10 



4S 

1/20/20 

Urticaria 

27 

SI 

G 


9 



49 

4/17/20 

Hooku orm 

37 

SI 

SI: 

0 

0 



50 

5/ 9/20 

Asthma 

1G 

r 

Sis 


32 



51 

5/ 9/20 

A«tlnnn< 

3S 

SI 

51: 

to 




52 

5/ 9/20 

Asthma 

18 

r 

SI: 

27 




53 

.5/ 9/20 

Asthma 

50 

SI 

Sis 

0 

0 



54 

5/12/20 

Asthma 

33 

r 

SI: 

00 

0 



55 

5/15/26 

Angioneurotic edemn 

21 

r 

SI: 

25 

20 



50 

5/15/20 

Angioneurotic edema 

20 

r 

SI: 

./> 

0 



57 

0/1G/20 

Asthma 

50 

51 

SI: 

s 

1G 



5S 

0/ 5/2G 

Normal 

13 

SI 

Sis 

10 




59 

0/ 5/20 

Noimnl 

12 

r 

SI: 

7 




GO 

1/13/27 

Asthma 

48 

SI 

SI: 

15 

15 



01 

1/15/27 

Asthma 

15 

SI 

SI: 

GO 

0 



02 

1/15/27 

Asthma 

31 

SI 

SI: 

35 

25 



03 

1/15/27 

Asthma 

52 

SI 

SI: 

13 

15 



G4 

1/15/27 

Asthma 

12 

SI 

SI: 

22 

53 



05 

1/13/27 

Asthma 

53 

SI 

SI: 

4S 

0 




* A positive reaction, tlic e\act time of Minch Mas not noted 
f See table 3 
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the senes weie males Some of the subjects weie patients m hospitals, 
convalescing fiom illnesses or minoi opeiations Otheis weie chosen 
fiom alleigic and deimatologic clinics With the exception of an 
occasional case of gastiic 01 duodenal ulcei 01 cholecystitis, most of the 
patients weie fiee fiom senous gasti o-mtestinal distuibances Many 
supposedly noimal peisons, fiee fiom an) obvious illnesses, weie 
included in the sei les as conti ols It will be noted, howevei , that many 
of these so-called noimal peisons had unusual absoiption times, while 
many patients in whom theie was definite evidence of gasti o-mtestmal 
distui bailees lesponded noimally 

Some of the impoitant obseivations which may be gleaned fiom an 
anal} sis of table 1 aie gnen m table 2 

Of the foui patients who failed to leact, two weie not tested with 
undiluted seium, as, unfoitunatel} , they weie unable to i etui n foi fmther 


Tablc 2 — Analysis of Tabic 1 


Seium Dilution 

Undiluted 

1 10 

1 100 

1 200 

Xumbei of eases tested 2" 

61 

IS 

3 

Munbei of cises demonstrating absorption phenomenon 2a 

■10 

11 

i 

Peicentage of cases demonstrating absorption phenomenon 02 6 

SO 3 

G1 1 

20 

'lotul number of cases in scries 

Total number of cases failing to manifest the phenomenon in all 

dilutions 


G5 

tested 



4 

Peicentage of eases demonstiating the absorption phenomenon 



93 S 


study (cases 8 and 20) Had they been so tested, it is possible that the 
peicentage of failmes in this senes would have been even less than 6 2 
Thiee of these foui patients weie tested mtiadeunally at the site of 
injection with fish extiacts, to deteimme whethei they had accepted 
passive local sensitization Positive leactions weie obtained in all, thus 
definitely indicating that failuie to demonstiate the phenomenon in these 
cases was not due to lack of sensitivity of the site of injection This 
did not leave any othei alternative but to accept the negative leaction 
as indicative of the fact that unalteied fish piotem was not being 
absoibed fiom the enteial tiact in these peisons 

REACTION (ABSORPTION) TIME 

It was found that m 50 pei cent of the patients leacting with the 
1 10 dilution, the leaction staited within the first fifteen minutes after 
the fish had been eaten, and m 83 3 pei cent, within the fiist half hour, 
as shown in the accompanying illustiation Any leaction time m excess 
of thntv minutes was theiefoie consideied taid} and abnoimal The 
shoitest leaction time was two minutes (case 29) This was a patient 
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with hystena in whom a gaslnc extraction showed diminished secretion 
of h} di ochlonc acid The longest reaction tune m this senes was 
105 minutes, occuuing in case 41, which will be discussed undei another 
heading 

The reaction times with the undiluted serum and with the 1 100 and 
1 200 dilutions are all tabulated in table 1 Though onh a few of 
each were done, sufficient data weie obtained to demonstiate that sites 
sensitized with concentiated serum usually responded sooner than those 
in which dilutions were used Some exceptions to this rule will be 
discussed piesently 



Graph representing reaction (absorption) times in the fort\ -eight patients 
sensitized with a 1 10 dilution of scrum who demonstrated the absorption of 
unaltered fish protein 

TACTORS AITECIING TIIE REACTION TIME 

When early in the studies the patients in cases 4 and 14, who were 
In others, w r ere found to have delayed leaction times, other members 
of the family w r eie similarly tested As recouled in table 3, subject 39, 
the fathei of these tw r o patients and his tw r o biotheis cases 40 and 41, 
all were found to have a definitely retai ded absoi ption time A definite 
tendency to disorders which charactenze the so-called allergic or atopic 
persons, including hyperacidity, asthma, hay-fevei , vasomotor mstabiht} . 
etc , and a constant eosmopluha, w r ere found in the membei s of this 
family gioup (table 3) 
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In order to determine whether the delated reaction time was char- 
acteristic of all atopic persons, a series of patients with hay-feier and 
asthma were tested The patients in cases 13, 14 15, 19, 32, 50, 51 
52, 53, 54 and 57 (table 1) were tested with G and M 2 serum Of 
these eleven patients eight reacted tardily or not at all Of six tested 
with M s serum, cases 60 to 65, inclusive (table 1), four manifested 
delayed or negative reactions Of three patients with urticaria or 
angioneurotic edema (cases 48, 55 and 56), wduch are considered b> 
most authorities as atopic disorders, one showed a dela) ed reaction time 
Therefore of this entire group of twenty subjects with atopic disorders, 
thirteen, or 65 per cent, manifested delayed reaction times Hence, it 
may be concluded that, as a class, the atopic persons do not demonstrate 


Table 3 — A Familial Tendency to Diminished Absoiption o{ Unaltered Protein 



Familial 

Relationship 


Clinical 

Reaction Time in 
Minutes for 
Unaltered Fish 
Absorption 

, — . 

Undiluted Dilution 

Case 

of Subjects 

Age 

Symptoms 

Eosmophiha 

Serum 

1 10 

CD 


52 

Recurrent vaso- 

motor rhinitis 

10 to 12 % (3 counts 
in 2 years) 

CO 

0 

4 

Son of patient in 
ease 39 

31 

Hyperacidity, re- 
current bronchitis 
with wheezing res- 
piration, vaso- 
motor instability 

5 to S% (3 counts 
m 3 months) 

26 

CO 

14 

Son of patient in 
case 39 

27 

Hav-fever and 
asthma 

5 to 6% (3 counts 
m 3 months) 

40 

0 

40 

Brother of patient 
in case 39 

40 

Hyperacidity re- 

current bronchitis 
with wheezing res- 
pirations 

5 to 6% (3 counts 
in 3 months) 


75 

41 

Brother of patient 
in case 39 

37 

Hyperacidity, re- 
current bronchitis 

0 to 4 % (3 counts 
m 3 months) 

103 

0 


the phenomenon of unaltered protein absorption to the same degree and 
with the same frequency as do nonatopic persons 

As alread} noted m the preceding communication, the performance 
of the test on a nonfasting stomach served to prolong the absorption 
time or to prevent the phenomenon entirely This was best illustrated 
m the case of subject 16 udio, on the morning of the test, ate his usual 
breakfast of oatmeal, one egg two slices of bread and two glasses of 
milk Following the ingestion of the fish two hours later, the local 
reaction at the sensitized site failed to appear On the following day, 
breakfast was omitted and the herring eaten on a fasting stomach This 
time a marked reaction developed at the sensitized site m about twenty 
minutes In other cases, the administration of food preceding or with 
the fish did not entirely prevent the reaction but only dela} ed its appear- 
ance and diminished its intensity 
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In a few of the patients with delayed absoiption time, the admin- 
istration ot 1 01 2 drachms (3 9 or 7 8 Gm ) of sodium bicarbonate 
in an ounce (30 cc ) of water immediately preceding the ingestion of 
fish matenally hastened the onset of the leaction In case 32, m which 
the leaction tune on tluee diffeient tests was foity-five minutes or 
longei , the administration of sodium bicai bonate bi ought on the reaction 
m thirteen and fouiteen minutes, respectively, on the two occasions when 
it was employed Similai results weie noted in other cases and in the 
studies on egg absorption 

The reaction time maj be affected by altei mg the nature of the fish 
Baking, cooking, pickling, soaking, canning oi smoking the heriing 
delayed oi pi evented the reaction 

Of less importance as a factoi in the rapidit) of the icaction is the 
site ot passive local sensitization As alread} noted in the previous 
communication, reactions on the foieaim ma\ be as much as ten minutes 
later m staitmg and aie usualh less maiked than those in snmlai sites 
on the aim The sites on the thigh and arm aie usualh alike in then 
leactivity The leaction on the hand, in this lespect, is similai to that 
on the foieaim The tauhness in the ieactivit\ of the sites on the 
foieaim is piobabh responsible for some of the unusual results noted 
m the earliei studies Foi, as in eases 3 and 9, the reaction time with 
the diluted seittm was shoitei than with a moie eoncentiated one, 
which w r as conti ary to the usual mle In the piehminaiy studies, how- 
ever the aim and foiearm wxie employed indiscriminate!} for local 
sensitization, hence the disci epanc\ 

THE SIGNII ICANCr OF MX. \ ri\ E RE \CTIO\ S 

The patient in case 49, who had hookworm disease, was one of the 
few who did not manifest the reaction at any time, even with the 
undiluted seium He w 7 as subjected to consideiable un estigalion in an 
effort to determine the cause of this icfiactoiiness Failure to accept 
passive local sensitization w 7 as i uled out as a cause In direct mlradermal 
testing of the injected site with a fish extinct , a maiked posilne reaction 
lesulted To msuie against the possibility that in this person the fish 
was being retained in the stomach for an unusualh long time, a 
duodenal tube was passed and allowed to remain in situ till, after 
eighteen houis, fluoroscopic examination showed the bulb well past the 
pvlorus Through this tube, heiiing uduch had been fine!} giound w r as 
injected Again a leaction did not appeal Intioduction of a similar 
piepaiation of heiring into the lectum also gave negative lesults The 
administration of sodium bicai bonate preceding the ingestion of the fish 
did not altei the lesult 

In ordei to deteimine whether this condition of impel meabihtv 
existed for othei proteins as well, all of the foiegoing investigations w r ere 
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repeated on the same subject with egg, with the use of the Iv egg seium 
The same negative results weie obtained as with the fish 

The conclusion, therefoie, could not be avoided that, in this case 
at least, the failuie of the leaction to appear indicated a real impel me- 
ability of the entire gasti o-intestmal tract to the piotem m its unaltered 
state However, a negative lesult is not always to be mtei preted m this 
manner, as theie aie other factois involved, some of which have 
already been discussed m this and previous communications, which may 
mteifeie with the leaction 

SUMMARY 

1 The absorption of detectable amounts of unalteied fish piotem 
fiom the digestive tiact is a noimal phenomenon, as it occuned m 
93 8 pei cent of sixty-five peisons tested 

2 In 50 per cent of the subjects, the piesence of the unalteied 
fish piotem was detected in the blood stream within fifteen minutes and 
m 83 3 pei cent, within one-half hour after its ingestion 

3 Atopic patients and some atopic families show a tendency towaid 
diminished or negative reactions 

4 Some additional factois which weie found to affect the leaction 
time are (a) contents of the stomach, (b) admimstiation of alkalis 
pieced mg the fish meal, (c) the natuie of the fish ingested and (d) the 
site of passive sensitization 

5 In a patient with hookwoim disease, the negative leaction was 
demonstrated to be due to a tine lack of peimeabilitv to egg and fish 
thioughout the entire alimentary tiact, including the lectum 



ALPHA LOBELIN AS A RESPIRATORY 
STIMULANT 

WILLIAM R MARSHALL, MD 

MONTREAL 

Alpha lobelin is an alkaloid which was hist isolated fiom Lobelia 
inflata by Heinrich Wieland, 1 and shoitly afterwaid studied pharma- 
cologically by his brothei , Herman Wieland 2 This alkaloid in pure foims 
was supposed to be without the toxic effects shown by the older prepara- 
tions of lobelia, and at the same time to hate a marked stimulatoiy 
effect on the lespiratory center Hennan Wieland claimed that it had 
specihc stimulating action on that center, but that large doses Vv ould not 
pioduce vomiting, that \agus depression was absent, that tlieie was no 
cumulative action, and that no lethal dose could be developed, even with 
the use of one hundred times the ph) siologic dose It w'as also supposed 
to be a ph) siologic antidote to respnatory poisons such as moiplune, 
chloral hydrate and cat bon monoxide The alkaloid was first tested 
clinically by Eckstein, Rommgcr and Wieland,'' who reported it of 
value as a lespuatoiy stimulant More reccnth, howe\er, the drug has 
been studied by tarious Amcncan authois, and their icsults differ con- 
siderably from the foregoing obseivations Norris and Weiss/ after 
considerable tvoik both on human beings and on animals, concluded that 
the action of the drug was variable, that its stimulation of the rcspnatoiy 
centei w r as inconsistent, and that at times it was actualh dangerous 
They showed, furtheimoie, that lepeated doses resulted in depiession 
of the lespiration instead of stimulation, and that there w r as a consistent 
fall m the blood pressuie, a\ei aging about 50 mm of mercun Camp r ’ 
claims that it is not a specific stimulant of the lespnaton center and 
that the othei effects can he ascnbed to the nicotine-like action on the 

" From the McGill University Clinic, Royal Victoria Hospital Montreal 

1 Wieland, Heinrich Ucbcr die Alkaloidc der Lobclnphalanzcm Bcrl d 
Deutsch Chem Ges , 1921, liv, 1784 

2 Wieland, Herman, and Mater, R Pharmakologische Untcrsuchungen am 
Atemzentrum Die Beemfiussnng des markotisicrten odcr morphinisicrtcn Atem- 
zentrums durch Lobelin nnd /wci w'eitere Lobelin Alkaloidc Beobichtungen 
ueber die Kreistaufwirkung des Lobehns, Arch f exper Path n Pharmakok 
92 195, 1922 

3 Eckstein, A , Rommgcr, E , and Wieland, H Ztschr f Kindcrsheil 28 
218, 1921 

4 Norris, V H , and Weiss, S The Pharmalogical and Therapeutic Prop- 
erties of Alpha Lobelin, J Pharm & Exper Tlierap 31 43 1927 

5 Camp, W J R Alpha Lobelin A Pharmacological Stud\, J Pharm & 
Exper Therap 31 393, 1927 
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ganglions of the autonomic nenous s} stem He also adMses caution in 
its use and warns against intravenous administration 

The present 1m estigation was undertaken to test especially the action 
of alpha lobelin on the respiratory center both under norma! conditions 
and when that center was depressed by various drugs Observations 
were made also to decide whether any ill effects were associated with 
its use 

TECHXIC 

The ampules of alpha lobelin as supplied by E Bischoff were used m these 
experiments, the ampules having been show n by others 4 to hav e the same 
physiologic action as the crystalline forms of the drug As a basis for con- 
sistency in dosage 10 mg of the alkaloid was injected subcutaneously' into a person 
weighing 150 pounds (68 Kg) Other doses were used, but this one was taken 
as normal for comparativ e observ ations 

The depth and rate of respirations were recorded by a pneumograph and 
controlled by an automatic timing device The ventilation was measured by 
collecting all the expired air m a series of Douglas bags, and m this manner it 
was possible to ascertain accurately the gaseous exchange not only for a con- 
siderable period of time, but an average for each individual respiration The 
expired air thus obtained was analyzed on the Henderson modification of the 
Haldane apparatus In some human beings and dogs, arterial blood was col- 
lected both before and for varying periods after the administration of lobelin 
The carbon dioxide content of this blood was measured, showing the carbon 
dioxide tension to which the respiratory center was reacting 

All tests of the drug were made while the person or the dog was at complete 
rest and without food for at least fourteen hours so that the estimation would 
not be affected by any metabolic factors Depression of the respiratory center 
was produced by doses of morphine or chloral hydrate sufficiently large to cause 
an appreciable depression One person with uremia m whom the respiratory rate 
had fallen to six per minute was also examined, but the results were disappointing, 
as will be detailed later In the entire series, thirty -one experiments were made 
on ten different persons and on two dogs The men were convalescent from 
various illnesses, some had cerebrospinal syphilis, but in all the respiratory 
mechanism was functioning normally 


PNEUMOGRAPHIC RECORDS 

Much information can be obtained from pneumographic tracings, 
but where the variations are slight as was the case at times m this 
series, it is unreliable save as to the respiratory rate It is almost impos- 
sible to judge accurately the depth of the respiratory movements m this 
manner because of the slight variations m successive respirations A 
better index of respiratory efficiency is to be found in the measurement 
of the total ventilation as indicated by the collection, measurement and 
analv sis of the expired air Any change m the respiratory rhythm, such 
as the appearance of Chev ne-Stokes breathing, hov-ever can be shown 
onlv bv pneumographic tracings and it is for recording rhythm and rate 
that these tiacmgs were made After the administration of alpha lobelin 
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there was to be found slight, if any, vanation in the tiacing indicative 
of lespiratoiy stimulation, while in piactically eveiy case stimulation 
actually took place, as shown by the gaseous exchange 

Chait 1 shows this ver) well In this instance the pneumogi aphic 
tiacing shows a doubtful inciease in exclusion, while there was an 
actual increase of 28 2 pei cent in the average volume of each lespnation 
foi the five minute period following the admmistiation of lobelm In 
serial instances theie was an appieuable change in lhxthm, txvice the 
development of typical Cliex ne-Stokes t)pe of respnation and again the 
piesence of apnea 

Chait 2 show's a lcspuatoij lhjtlim .lppioachmg the Chex ne-Stokcs 
type xvluch appealed fifteen minutes after the administration of lobelm 
Apnea followed once about thntx seconds aftei the intramusculai admin- 
istration of 10 mg of lobelm and was accompanied bx exanosis, marked 
slowing of the pulse late, coldness of the c\.ti entities and profuse pei- 
spuation After about foit\-five seconds the respuaton moxements 
began to letuin slowdy, but the patient \omited lcpcatedlx and was 
unable to eat foi the lemainder of the da) 1 he sudden toxic effect 
can be explained b) the possibiht) that the ding max liaxe been intro- 
duced into a vein and caused tempoiarx paralxsis of the lopuatory 
center xvith stimulation of othci medullan centeis 

IOTAI MUTILATION XXU KISPIRXrORT XOIAW1 

In all but txvo instances theie was a decided met ease in the xentilation 
pei minute following the use of loliclm xaixing fiom 12 81 to 68 3 per 
cent, xvith an aveiage of 31 25 This statement is based on obscrxation 
of pei sons exhibiting noimal lcspnatoix mechanisms that aie not 
depiessed bx diugs Following lespnatorx dcpiessants, howcxei, the 
lcsults aie somewhat diftcrent as will lie detailed latei 

In deciding xvhethei oi not a ding is a respiratoix stimulant, it is 
necessaiv to find that an inciease m xentilation pei minute has taken 
place, but this in itself is not a sufficient critciion, because it might liaxe 
been pioduced meielv by an inciease m late If this xxeie the case, 
stimulation xvould be moic appaient than leal '1 here might, in fact, be 
a depiession because of the dcci cased oppoitumty foi the exchange of 
gases in the lungs Stimulation ptesumablx occuis xvith little oi no 
inciease in late, but lathei xvith an inciease m the depth of each lespira- 
tion Undei these cn cumstances, theie is not onlx an inciease m total 
ventilation, but a better oppoitunitx' foi gaseous exchange These 
lequirements the use of alpha lobelm meets, foi theie folloxxed its 
administration not only an inciease in total xentilation pei minute, but a 
decided inciease in the volume of each lespiration, xaixing fiom 1 02 to 
50 70 per cent xvith an aveiage of 14 98 pei cent Folloxving the admm- 
istiation of lobelm theie is, then, not onlx an appaient but also a real, 
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stimulation of the lespnatoiy mechanism It was most marked about 
fifteen minutes after injection, and after that time the effect giadually 
deci eased until at the end of thuty minutes conditions weie similar to 
those befoie the diug was given Two cases m the series, however, 
while showing a stnkmg mciease m ventilation pei minute, exhibited 
an actual deciease m the volume of each respuation These decreases 
amounted to 15 7 and 27 35 per cent, respectively, and aie to be explained 
by the maiked mciease m the lespiratoiy late It is doubtful, therefoie, 
whether m these instances theie was any beneficial effect on the lespna- 
toiy efficiency 

ANALYSIS OF THE EXPIRED AIR 

The expned an was collected in a senes of Douglas bags, each col- 
lection lasting foi a penod of five minutes, both befoie and foi vaiying 
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Chart 1 — The respiratory excursion before and for fix e minutes following the 
administration of lobehn , time interval, thirty seconds 

mtenals after the administration of lobehn The expned air showed, 
as a rule, first, a slight mciease m carbon dioxide content, probably due 
to preliminaiy “washing-out” of this gas, which m turn was followed by 
a maiked decrease m the peicentage of caibon dioxide The pre- 
luninaiy “washing-out” of caibon dioxide, when it occurred, occurred 
fire or ten minutes after the diug was given, while the decrease was most 
maiked aftei fifteen or twenty minutes The peicentage of oxygen m 
the expned air was found to be consistently increased, but on account 
of the mciease m total ventilation more oxygen was, as a rule, inspired 
than befoie lobehn was gwen The mciease m caibon dioxide expired 
was always gieatei than the oxygen inspired, so that there was a constant 
mciease in the lespiratory quotient This reached its maximum m about 
twenty minutes after the administration of the lobehn and then returned 
giadually to its pienous le\ el At tunes, howerei, respiration was 
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affected unduly by nausea or vomiting The results obtained from the 
analysis of the expncd air in a senes of eleven consecutive normal per- 
sons aie shown m table 1 

EITECT ON THE CARBON DIOXIDE CONTENT 01 MITER] A I BLOOD 

The caibon dioxide content of the aitenal blood at waning mteivals 
aftei the admimstiation of alpha lobelin showed a lather consistent 
decrease In human beings, the a\eiagc dccieasc in the carbon dioxide 
content of the aitenal blood was 4 16 pci cent b> volume while in dogs 
it was 6 75 pel cent by volume 1 he deciease staitcd soon after lobelin 
was given and was still present in one instance at the end of an hour, 
showing that lespuaton stimulation mav be piolonged The greatest 
decrease noted was in one of the dogs when it fell, at the end of fifteen 
minutes, fiom 59 7 pci cent bv \olumc to 50 3 pei cent In \ oltime 
Twenty-five minutes later, it tell to 44 6 pei cent In -volume, probably 
being influenced In the dog’s a minting 


Pulse 6 H 



R.esp 23 
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Chart 2 — Chewic-Stokcs tvpe ol respiration following the administration oi 
alpha lobelin, time interval, thirtv seconds 

INI LTjENCE 01 LOBELIN I0LL0WING SED \T1\ LS 

The lespiratorv depiessants used wcic moiphme and chloral hvdrate, 
sufficient being given to pioduce some lespuaton dcpiession as com- 
paied with the normal in each person Whenever the respnations wcie 
depressed b> this means, a definite stimulation was noted on the injec- 
tion of lobelin, both as lcgauls the total ventilation pei minute and the 
depth of each respiration (table 2) The average mcicase in the ventila- 
tion of noimal persons pei minute as noted before was 31 25 per cent, 
but wdien depressed with one oi the othei ding, the same pei sons showed 
an aveiage inciease aftei injection of lobelin of 12 5 pei cent that is to 
sa), still an appieciable amount The volume of each lespiration was 
also mcieased aftei injection on an aveiage of 19 59 pei cent, while in 
noimal persons, the aveiage was 1498 pei cent The noimal lespnatoiv 
mechanism is, accoidmgh, easil) and maikedly stimulated bv the admin- 



MARSHALL— ALPHA LOBELIX 


185 


istration of lobelm, and is so e\ en during periods of respirator\ depres- 
sion There was, furthermore, an increase of 11 17 per cent m ox\gen 
consumption per minute when no sedatnes were gnen but following 
their use the increase amounted to 2 72 per cent In one uremic person 
whose respirations were only six per minute but who did not show- 
cyanosis, 10 mg of alpha lobehn was gnen mtramuscularh There was 
no appreciable change in the rate or character of the pulse the respira- 
tions fell from six to fhe per minute, but no change could be noted m 


Table 1 — Azcragc Results of the Analysis of the Expired Air m Elczcn 

Xormal Persons 
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their character Ten minutes after the drug was given he became rest- 
less vomited and perspired profusely In all he was decidedly worse 
after treatment, and remained nauseated for twelve hours 

ILL EFFECTS ASSOCIATED WITH THE USE OF LOBELIX 

The various American observers who have studied the use of lobehn 
have expressed a warning against the dangers associated with it and 
have done so rightly because it has been shown to possess a definite 
toxicity which interferes with its clinical value Its administration as 
has been stated results m stimulation of the medullar}- centers which 
is not confined to the one for respiration but affects m an almost similar 
degree the near-by so-called, vomiting center In the course oi this 
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study, lobelin was gncn to twentj-fhe peisons, twehe of whom became 
distinctly nauseated and ten vomited This comiting was se\ere and 
peisisted m ccitain peisons thioughout the da} At no time was it 
possible to gne twice the calculated ph>siologic dose without causing 
severe tomiting The slowing of the pulse noted m one case can best 
be attubuted to cagal stimulation One adult who had ne\er been 
nauseated noi lomited became ill following the injection of 10 mg, 
and \omited repeatedl} foi seicial hotus One of the dogs, also, which 

Taiiu 2 — dz'ciaqi Risults of tlu '1 Italy ck of the Expired An in \tne Persons 
JJ'lto Had Ptcviously Been Gruit a Rt spiratory Dipicssant 
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had been given 5 mg of the diug subcutaneoush , stalled to lomit twent) 
minutes latei, and lefused to eat thioughout the da} It had picMOiisly 
been in appaiently good health 

Only one instance of se\eie collapse occuned This followed about 
thirty seconds aftei the mtiamusculai administiation of 10 mg of 
lobelin and might have been caused b} mtioducmg the chug cluecth into 
a musculai \ein The man suddenly stopped bicathmg, became pale and 
w'as latei cyanosed, the pulse late fell fiom 78 to 60 pei minute, the 
extiemities became cold and bathed m pi of use peispnation and he la} 
as in coma Aftei about foilv-fi\e seconds, the lespirations began 
slowdy to letuin No othei medication w r as gnen He said that he had 
had a sudden sense of constnction oi of gieat piessuie on his chest and 
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had tiled to breathe but had been unable to do so He was severelv nau- 
seated, but did not v onnt This is probabl} an example of temporan 
paral) sis of the respiratoi} center To a\oid this accident the drue 
should nevei be given mtiav enously 

ARGUMENT AND CONCLUSIONS 

While alpha lobelin has been shown to be a definite stimulant to the 
lespnator) center, theie are certain features which are objectionable, 
and these suffice, I behev e, to interfere with its use chnicalh There has 
been shown an increase in the -ventilation per minute aftei injection of 
lobelm That this is not due soleh to accelerated lespirator} rate is 
ev idenced b} the fact that there is also an increase in the depth of each 
respiration The increase m the respirator} v olume is furthermore not 
mereh transient, but commences as soon as the drug is administered , it 
persists and e\en after thn tv-five minutes exceeds the -volume before 
medication The period of maximum effect comes m about fifteen or 
twenty minutes and falls back gradually to normal The total v entilation 
m noi mal persons show ed a greater increase than it did in those who had 
been given sedatives, while m the latter group theie was a greater aver- 
age percentage increase in the volume of each respiration 

The carbon dioxide content of the expired air showed a rather con- 
stant vanation, first an increase probably due to a preliminary “washmg- 
out” of that gas, and then a decrease, showing that the respiratory center 
was reacting to a lesser amount of carbon dioxide The lowering of the 
amount of carbon dioxide m the arterial blood ndicates that the 
threshold of the center has been definitely lowered 

The consistent increase m the amount of ox}gen absoibed can be 
explained only by an increase in metabolic actmtv This increase m 
ox} gen consumption amounted, in normal persons, to 11 17 per cent and 
is indicative of an increase m metabolism consistent with increased mus- 
culai activity due to the respirator} stimulation The increased utiliza- 
tion of oxygen is m itself not indicative of increased respirator} 
efficiency 

Unfortunately, stimulation of the medulla was not confined to the 
respiratory center, but affected m almost a similar degiee the so-called 
vomiting center, and probabl} also the vagus centers It is this asso- 
ciated action which makes the use of the drug undesirable, if not actualh 
dangerous Vomiting was fairly constant and severe — severe enough 
we believ e, to balance its v alue as a respn atory stimulant \ agus stimu- 
lation, shown b} the lowered joulse rate occurred m the case exhibiting 
the greatest toxic reaction The drug should not be giv en mtrav enously 
because of the danger of temporar} paral} sis of the respiratory center, 
an accident which occurred once in this series of experiments Lowering 
of the blood pressure after an injection of lobelin which others 4 have 
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obsened, is m itself an objectionable feattne Vomiting or a lowering 
of the blood piessure in a peison needing a lespnatoiy stimulant are 
undesiiable phenomena 

CONCLUSIONS 

1 Alpha lobclm is a definite stimulant to the respiratoiy center 

2 Stimulation is confined not to that centei alone, hut affects the 
associated medullan centei s in a like degree 

3 The toxicit} of the ding is so great that its extensne clinical use 
is madusable if not actually dangeious 



TOXICITY OF NOVASUROL (MERBAPHEN) 

ITS ACTION ON THE KIDNEY OF THE RABBIT x 
BENJAMIN I JOHNSTONE, MB 

AND 

H M KEITH, MB 

DETROIT 

This investigation was undei taken to study the toxicity of novasuiol 
(meibaphen) by obseiving the lesions pioduced m the kidney of the 
rabbit following mtiavenous injection Novasuiol is an organic com- 
pound containing 33 9 pei cent of mercury It is the double sodium 
salt of oxymercuric orthochlorphenyloxy acetate and dimethylmalonyl 
urea, and it is prepared for use as a 10 pei cent neutral sterile solution 
It was first mtioduced by Bayei and Company as an antisyphilitic 
agent Zeilei, 1 m 1917, was the first to describe its thei apeutic use in 
this disease 

Soon after its mtioduction it was obseived to have a marked 
dieuretic effect, especially m those cases in which edema had developed 
The fact that small doses of mercuric compounds produce a diuresis 
is not new As eaily as 1800, it was known that the diuretic action of 
digitalis is enhanced when given m conjunction with mild mercuric 
chloride This fact was also the basis foi the famous Guy’s pill Mild 
mercuric chloride alone was shown by Jendrassik 2 to be capable of 
producing a mailced diuiesis when given in small doses MacNider s 
also lecenth showed that small doses of mercuric chloride produce 
diuresis The eaily enthusiasm foi mercuiic compounds, however, 
waned as repoi ts collected showed that a deleterious effect was produced 
on the kidney 

Novasuiol is a more complex compound than those pieviously used 
and foi this reason, is supposed to be less toxic It is also fieely soluble 
in water, and may be administered either by intiamuscular or intravenous 
injection This dose is repoi ted to vaiy from 0 5 to 3 cc , with an 
average dose of 1 cc for an adult, at intervals of from four to seven 
days Oertmg 4 believes that nothing is to be gamed by mtiavenous 

From the Department of Medicine, Henry Ford Hospital 

1 Zeiler, K Novasurol em neues Quecksilbersalz zur S>philisbehandlung, 
mit Bemerkungen uber die Grundsatze von Quecksilberhandlung, Munchen med 
Wchnschr 64 1257, 1917 

2 Jendrassik, E Das Calomel als Diureticum, Deutsches Arch f him 
Med 38 499, 1885-1886 

3 MacNider, W de B On the Elimination of Phenolsulphonephthalein m 
Acute Mercuric Chloride Intoxication, Proc Soc Exper Biol & Med 17 73, 1920- 
1921 

4 Oerting, H Use of Novasurol as a Diuretic, Minnesota Med 8 593, 1925 
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injection, but Evans r ' stated that the addition of from 20 to 30 cc of 
2 per cent saline to each dose of novasurol, if given intravenously 
enhances the diuictic effect of the ding Intravenous therapy also does 
away with the possibility of a local leaclion at the site of injection 
Saxl and Heilig 0 lepoited the administration of doses of fiom 1 to 2 cc 
eveiy othei day for at least twelve injections In 1920, these authors 
showed that it was valuable in case^ of cauhac diopsy, and since that 
time it has become widely used 

Keith and Whelan 7 dcscnbed the effect of novasurol on the com- 
position of the blood and the mine in cases of nephntis Keith, Bairiei 
and Whelan 8 reported that m cases of nephntis with edema the com- 
bined effect of ammonium chlonde, diet and novasurol produced bene- 
ficial icsults, but v hen considered singh, each tact or might be ineffective 
Rownlice, Keith and Barnet '' icpoited f.ivoiabh on the use of this 
drug m cases of ascites due to hepatic disease, but tbe satisfactory 
results obscived m this condition In these authors have not been 
unifoimlj obtained \ anous authois deprecate its use in such cases 
Saxl and Heilig 0 icpoited some success with novasuiol in cases of 
tuberculous pleurisy, pentonitis with effusion and m ascites secondary to 
carcinoma Kulcke 30 also obtained favorable results in cases of carci- 
nomatosis and tubeiculous effusions Ilowarth 31 considcied novasurol 
serviceable in cases of chronic nephntis with edema, but Crawford and 
McIntosh, 3 - Oeiting,' Hubert, 3 ’ Rus/mak 33 and Blum and Schwab 3 ’ 
weie of the opinion that it is conti aindieated m len.d disease 

5 Evans, D M B Nov asm ol uicl Hvpertonic S lime in Ciiromc Oedema, 
Brit M J 1 739, 1926 

6 Saxl, P, and Heilig, R Ucbcr die ditirctisclic Wirkung von Novasurol 
und anderen Quecksilberinjektionen, \\ icn klin W clmscbr 33 9-13 1920 

7 Keith, N M, and Whelan, W The EfTect of Novasurol on the Composi- 
tion of Blood and Urine, Am J Plnsiol 72 193, 192s 

8 Keith, N M , Barrier, C W, and Whelan M Diuretic ‘\ction ot 
Ammonium Chloride and Novasurol m Cases of Nephritis with Edema, I \ 
M A 85 799 (Sept 12) 1925 

9 Rovvntrec, L G , Keith, N M, and Barrier, C W Novasurol in the 
Treatment of Ascites in Hepatic Disease, I >\ M A 85 1187 (Oct 17) 1925 

10 Kulcke, E Novasurol als Diurcticum Klin Wchnschr 1 622, 1922 

11 Hovvarth, R Novasurol and Other Diuretics m Cardiac Oedema Brit 
M J 1 186, 1926 

12 Crawford, J H, and McIntosh, J Observations on the Use of Novasurol 
in Oedema Due to Heart Failure, J Clin Investigation 1 333, 1925 

13 Hubert, G Erfalirungeii nut Novasurol als Diuretikum, Munchcn med 
Wchnschr 68 1555, 1921 

14 Rusrnvak, I Orvosi Iictil 65 443, 1921 

15 Blum, L, and Schwab, H L’action duiretique des composts mercuriels, 
Presse med 30 1081, 1922 
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Lambie, 10 Gilchrist, 17 Crawfoidand McIntosh/ 2 Howaith 11 ICulcke, 10 
Keith, Bainer and Whelan, 8 Saxl and Heilig, 6 Evans, 5 and Oertmg 4 
agieed as to the diuietic value of novasurol m cases of edema due 
to myocardial insufficiency, but considei able difference of opinion still 
exists as to its efficiency and the advisability of using it in cases of 
nephutis or m effusions due to an hosts, tuberculosis or carcinoma 

Occasionally such disagieeable symptoms as headache, vertigo, 
nausea, vomiting, stomatitis, diairhea, fevei and a lash are seen These 
symptoms aie estimated to occur m less than 1 per cent of cases, they 
aie nnld, and as a lule, result fiom the laiger doses They aie generally 
tiansient and are not of sufficient intensity to require the discontinuance 
or interruption of the use of the drug, although this is sometimes neces- 
saiy Marcus 18 leported a case m which marked hematuna followed 
the admimstiation of novasuiol so that the medication had to be stopped 
Saxl and Heilig 0 claimed that disagieeable symptoms occur most often 
in emaciated persons, particularly if they are constipated Redlich 19 
repoited three cases m which death followed the admimstiation of 
novasurol, in one case, death occuired after two doses with a three 
day interval between them, and in one case death was due to enteritis 
and volvulus following a dose of 1 cc given three weeks pieviously 

Most writers stated definitely that as evidenced by clinical obser- 
vation and microscopic examination of the mine, no effect on the 
kidney was noted 

The exact way m which novasui ol bi mgs about diuresis has not been 
established, but Keith and Whelan, 20 and Crawford and McIntosh 1 ~ 
believed it to be by a combined action on the kidney and the extiarenal 
tissues Bohn 21 agieed with this, but believed that the extiaienal 
mobilization of fluid is the more important Saxl and Heilig 22 also 
considei ed that the action is mainly extiarenal, conti asting it with the 
action of manium in which no increased excietion of salt occuis On 
the other hand, Blum and Schwab 15 believed the effect is due to action 

16 Lambie, C G Novasurol and Other Diuretics in Cardiac Oedema, Brit 
M J 1 80, 1926 

17 Gilchrist, A R Novasurol A New Diuretic, Lancet 2 1019, 1925 

18 Marcus, S Experience with Novasurol, Canad M A J 16 690, 1926 

19 Redlich, F Letale Quecksilbermtoxikation nach einmahger Novasurol- 
mjektion, Wien klm Wchnschr 38 359, 1925 

20 Keith, N M , and Whelan, M A Study of the Action of Ammonium 
Chloride and Organic Mercury Compounds, J Clin Investigation 3 149, 1926 

21 Bohn, H Fortgesetzte Studien uber Novasurol, seine Wirkung bei 
v erschiedenen Lebensaltern und bei Diabetikern sow le sein etwaiger Einfiuss auf 
Ionenverschiebungen un Organismus Deutsches Arch f khn Med 113 225, 1923 

22 Saxl, P, and Heilig, R Ueber die Novasuroldiurese, Ztschr f d ges 
exper Med 38 94, 1923 
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on the lenal tissues onh Jackson -’ 3 has shown that changes in volume 
occur in the kidne\ aftei the injection of novasuiol, he considered the 
diuretic action to be 1 elated to vasculai changes possibly causing greater 
contraction in the efferent than m the afferent glomeiulai capillaries 

MATERIALS AND METHOD 

Tlnrt}-two animals were used Thc\ were first weighed and the drug intro- 
duced slowly into the marginal vein of the ear A 10 per cent neutral sterile 
solution prepared bv the Wmthrop Chemical Companv was used It was diluted 
before injection with sterile phvsiologic sodium chloride, various dilutions being 
emploved 

Though the rabbits were carcfullj weighed, the drug was not given according 
to the weight m kilograms as it was at first thought that the tolerance per rabbit 
might be more nearly similar than the tolerance per kilogram It was found that 
this was not true as the degree of damage varied closch with the amount of 
no\asurol gnen per kilogram 

For the purposes of this stud\, the animals were divided into si\ groups as 
follow s 

Group I Four rabbits, killed with massive doses of the drug, kidnevs not 
studied 

Group II Three rabbits, killed with missive doses of the drug, kidnevs 
studied 

Group III Four rabbits, given repeated doses of 0 1 cc at intervals oi about 
four davs until death 

Group IV Four rabbits, given repeated doses of 0 2 cc at intervals of about 
four davs until death 

Group V Eight rabbits, given doses v.irvmg from 0 1 cc to 08 cc per rabbit 
and killed twentj-four hours later 

Group VI Nine rabbits, each given 0 2 cc of novasurol irrespective of the 
bod> weight and killed in five minutes, one hour, four hours, sixteen hours, two 
davs, four, six, ten and fourteen davs, rcspeclivelv 

The details regarding each group have been summamed m tables 1 to 6 

The animals m groups, I, II and III, with the exception of rabbit 13, died trom 
the effect of the drug, this animal was killed b} a blow on the head In group 
IV rabbit 12 died from the effects of the drug, rabbit 16 from intestinal obstruc- 
tion, while rabbits 2 and 3 were killed bv a blow on the head six weeks after the 
last dose of novasurol All the rabbits in group V were killed within two minutes 
by giving them a little ether and then a blow on the head Those in group VI were 
killed b} a sudden blow on the head 

Rabbits 5, 9, 12 and 16 died between midnight and S a m , and were autopsied 
at 8 a m Rabbit 11 died at 1 p m and was kept in the icebox until examination 
could be made at 5 p m the same afternoon \11 other rabbits were autopsicd in 
from five to thirty minutes, postmortem 

Small strips of tissue were removed from different areas of each kidnev The 
sections were preserved in 10 per cent formaldehv de, then dchvdrated, fixed in 
paraffin, sectioned and stained with hcmatoxvlm and cosin 


23 Jackson, D E The Pharmocological Action of Mercurv in Organic 
Compounds, J Pharmacol &. Exper Therap 29 471, 1926 
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GENERAL DESCRIPTION OF EXPERIMENTAL RESULTS 

In groups I and II, an attempt was made to determine the immediate lethal 
dose of the drug The rabbits in these groups received massive doses which 
varied from 0 733 to 0 168 cc per kilogram Rabbits 6 and 8, which received 1 6 
and 15 cc, respectively, or 0 586 and 0 733 cc per kilogram, died within three 
minutes m convulsions Rabbit 1 received 1 5 cc intravenously without evidence 
of immediate effect This rabbit was large and the dose amounted only to 0 366 cc 
per kilogram Ten minutes later, the rabbit appeared to be normal It was then 
given 1 5 cc intramuscularly and died ten minutes later This rabbit received 
0 732 cc per kilogram in all Rabbit 9, which received 1 5 cc , or 0 629 cc per 

Table 1 — Gi oup I Single Doses Pi oducmg Death 
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* The seventy and extent of the Kidney change is lepresented as varying from 0 to 10 + s 

kilogram, although it appeared ill immediately, did not die for fourteen hours 
Rabbits 5 and 7 each received similarly sized doses, namely, 0 352 cc and 0 324 cc 
per kilogram, and died in eighty-four and eighty-six hours, respectively Rabbit 4 
was given a dose of 0 16S cc per kilogram and died in four days No rabbit 
receiving 0 168 cc br over recovered This would be equivalent to about 
12 cc intravenously for a man weighing 70 Kg Rabbits receiving about 07 cc 
per kilogram died suddenly in convulsions This dose would approximate 50 cc 
intravenously for a man weighing 70 Kg Rabbit 6 died suddenly after a dose of 
0 586 cc per kilogram This animal, however, received 1 6 cc , but was a relatively 
large rabbit 

When massive doses were given, of those animals that did not die suddenly , 
those that received the larger doses died more quickly 1 ' Rabbit 9 died in fourteen 
hours after a dose of 0629 cc per kilogram, rabbit 5 in eighty-four hours after a 
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dose of 0 352 cc per kilogram, rabbit 7 in eighty-six hours after a dose of 0 324 cc 
per kilogram, and rabbit 4, m nmet}-six hours after a dose of 0168 cc per 
kilogram 

The most extensive damage to the kidney was obser\ed in group II Rabbits 
receiving the largest dose per kilogram did not necessarily show the most severe 
degeneration as the time over which the poison acted was an important factor 
Rabbit 9, although it received a dose approximately twice as large per kilogram as 
did rabbits 5 or 7, showed less marked damage to the kidney Rabbit 9, ho\ve\er, 
lived only fourteen hours and rabbits 5 and 7 lived eight} -four and eight} -six 
hours, respectively Evidence of regeneration was seen in rabbits 5 and 7 which 
was not present in rabbit 9 

In group III, rabbit 11 died tw r o da}s following the fifteenth dose A small 
amount of acute degeneration W'as present as well as evidence of slight chronic 
change represented by c}sts, infiltration with hmphoc}tcs and an increase in 
connective tissue Rabbit 13 received twent} -eight doses and was clmicall} well 
at the end of six months It w r as killed six weeks after the last dose of no\asurol 
Acute degeneration was not seen, but small areas of infiltration and a slight 

Tahle 3 — Giottp III Repeated Doses of 01 Cc Lntd Death 
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increase in connective tissue as well as an occasional c}st were present Rabbit 14, 
although it reconcd a smaller dose than rabbit 13, nantch, 0 038 cc per kilogram, 
succumbed after fi\e doses and rather extensive degeneration was found m the 
kidne}s Rabbit 15 died atter four doses, the dosage totaled 0053 ec per kilogram, 
and hence is considered rclativelv large Rclativelv little damage was found m the 
section labeled 15 This does not fit in with the picture that one would expect 
to find, as rather extensne degeneration would be surmised One is led to suspect 
that an error was made m labelling this kidncv 

In group IV, rabbits 2 and 3 rccened rclatnelv large doses, namelv, 0 061 and 
0 077 cc per kilogram for twent} -three doses over a period of six months Each 
of these animals appeared normal in cvcrv waj when killed six weeks after the 
last dose On examination of their kidne}s, a small amount of scarring was seen 
Rabbit 12 received a still larger dose, name!}, 0 09 cc per kilogram and died in 
one month after five doses Considerable degeneration was found in the kidnev 
Rabbit 16 of this group died of intestinal obstruction and peritonitis, the ctiologv 
of which was not determined This animal could not be used m this studv as it 
could not be proved that the novasurol had am thing to do with the obstruction 
and peritonitis 

The animals in group V were ariangcd in an attempt to show the effect of 
different sized doses at the end of of twentv-four hours The animals were thus 
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given doses ranging from 0 1 cc to 08 cc a rabbit It was hoped to see the 
effect of gradually increasing doses The animals howe\er, \aned in weight, and 
the degeneration was seen to var\ direct!} as the dose per kilogram rather than 
as the dose per rabbit Thus, rabbits 17, IS, 19 and 20 recened gradual!} increas- 
ing doses per rabbit, and also per kilogram, and the damage was gradual!} more 
marked m order However, though rabbits 20, 21 and 22 received increasing doses 
per rabbit, the} recened similar doses per kilogram The sections made from the 

Table 4 — Gioup IV Repeated Doses of 0 2 Cc bntil Death 
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kidnev s of these three rabbits were similar Rabbits 23 and 24 recened doses of 
much the same size A similar degree of damage to the kidne} was noted, though 
the degeneration was more marked than in rabbits 20 21 and 22 Although the 
dose was somewhat smaller in rabbit 24 than in 23, the former was not killed 
for thirty-two hours 

The rabbits m group VI were gnen relativeh large doses, though the amounts 
would not be considered lethal in the a\erage animal Rone of the animals m 
this series died from the effect of the drug The} were killed at intervals \ar}ing 
front five minutes to fourteen da>s as shown m table 6 The earliest changes w'ere 
seen in one hour and these grew progressive!} more extensive with the doses used 
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up to two days In four days, very few of the tubules showed acute degeneration 
and eudence of regeneration was seen From this time on signs of acute degen- 
eration gradually disappeared and little evidence of an acute process was present at 
ten days Here, extensive eudence of regeneration was seen In fourteen days 
there was less eudcnce of active regeneration 

Pathologic Obscivations — Gross If the changes were slight as observed 
histologically, either due to a small dose or to the fact that a massiye dose had 
been acting a short time, little abnormality could be made out in the gross appear- 
ance The earliest departure from the normal was seen at the end of four 
hours m a rabbit that was given a dose of about 0 12 cc At this time the capsule 
stripped easily, the surface was smooth and glistening, the superficial \cins wxre 
injected and the uncut kidney as well as the cut surface was reddish or grayish 
The cut margins did not evert In sixteen hours after a dose of 0098 cc per 
kilogram, the external surface had become pale with fine mottling The cut 
margins eyerted shghtlv and the cortex was paler than normal Up to this time 
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there yvas little change in si7c or weight In two da\s after a dost of 0118 cc 
per kilogram, the kidneys were enlarged and of a soft consistency The capsule 
stripped easily The surface was smooth and of a grayish or grayish white color 
On cut section, the margins rcadiiy everted and the pale grayish swollen cortex 
stood out from a pale or slightly reddish medulla The appearance in the gross 
remained similar, except for a change in si/e, until death If the rabbit recoyered, 
by the sixth day there yvas less cyersiou of the cut margin, and between the sixth 
and tenth davs, the kidneys began to decrease somewhat in si?e By the tenth 
day, the knife grated against calcium and the cortex appeared less swollen There 
was no eversion of the cut margin By the fourteenth day, the kidneys yyere 
much less syvollen and yvcrc a pale yellowish red , there yvas no ey ersion of the cut 
margin and the medulla and cortex yyere poorly demarcated 

Microscopic The characteristic lesion seen microscopically throughout the 
sections shoyving change yvas a degeneration of the epithelium lining the renal 
tubules The earliest stage of such degeneration yvas seen in rabbit 26 one hour 
after receiving a dose of 0135 cc per kilogram Under the loyv poyyer magnifica- 
tion, a feyv scattered areas yvere seen which stood out from the rest of the tissue, 
in that they took the acid stain more deeply These areas, for the most part, yvere 
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situated immcdiatch beneath the capsule and v ere small and in close pro' mute to 
malpighian bodies Under the high pov cr magnification thee v ere seen to be 
areas of proximal convoluted tubules the cells oi " hich shov ed rare mg degrees 
of sv elling, some obliterating the lumen In these cells the outline v as less 
distinct than normal and often lost Mam shoved -vacuolization The nuclei 
showed either pvknosis kanorrhexis or v ere not -visible Degeneration v as not 



Fig 1. — Section from the kidney of rabbit 26 vh.ch received 013 d cc oi 
novasurol per kilogram and was killed m one hour Definite but earlv degenera- 
tion is seen in scattered areas of proximal con 1 oluted tubules Photormcrograpb, 
16 mm obj 

observed elsev here m the kidney at this stage (fig 1) In lour hours following 
a dose of Oil cc per kilogram the degeneration was more extensive and more 
advanced (fig 2) Pvknotic nuclei v ere striking m th’s section By this time, 
some of the ascending limbs of Henle sho * ed early degeneration but the greater 
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part of the lesion was still confined to the convoluted tubules, situated in the 
vicinity of the hidnej capsule In mam of these cells the nuclei had disappeared, 
the cell had begun to disintegrate and the structure of the tubule was partially 
lost In sixteen hours following a dose of 0098 cc per kilogram, about one third 
of the number of the convoluted tubules had undergone complete necrosis (fig 3) 
These tubules were represented In a structureless, granular but otherwise homo- 



rig 2 — Section from the kidnc\ of rabbit 27 which recoued Oil cc of 
noiasurol per kilogram and was killed at the end of four hours Degeneration is 
more extensne than in figure 1, and in some tubules is further adianeed Piknotic 
nuclei are striking in some tubules Photomicrograph 16 mm obj 

geneous pinkish staining mass deeoid of nuclei About one quarter of the number 
of the ascending limbs of Henle show cel similar complete necrosis A few of the 
comoluted tubules w'ere unaffected, but the majority showed larious stages of 
change 
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The most severe and extensive degeneration was present in sections from 
rabbits 5 and 7 (fig 4) Practically all the proximal convoluted tubules and 
the majority of the distal convoluted tubules and the ascending limbs of Henle 
had undergone complete necrosis, being represented by the characteristic pinkish 
staining structureless mass Normal convoluted tubules were not seen A few 
were present showing early degeneration , the cells were swollen and the nuclei 



Fig 3 — Section from the kidney of rabbit 28 which received 0 098 cc of 
novasurol per kilogram and was killed at the end of sixteen hours Degeneration 
is still further advanced and more extensive than in figure 2 Some tubules have 
undergone complete necrosis Photomicrograph, 16 mm obj 


normal or pyknotic Many cells show'ed vacuolization Degeneration w r as not seen 
in the connecting or collecting tubules or papillary ducts 

When the dose w r as sublethal, the degeneration w r as less severe, and as the 
animal began to recover there was less evidence of complete necrosis In rabbit 30, 
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killed four dajs after the injection of 0 11 cc per kilogram, few of the comoluted 
tubules showed the complete necrosis that was present m rabbit 7 or even m 
rabbit 29 killed at the end of two dajs (fig 5) About one third of the number 
of ascending limbs oi Hcnle still showed complete degeneration In rabbit 31, 
killed at the end of six da\s, there were onh a few convoluted tubules and 
ascending limbs of Hcnle showing complete necrosis (fig 6) Tubules were 



siderable ewdence of regeneration is present Photomicrograph, 16 mm obj 

present, however, in \arious stages of less se\ere degeneration In ten dajs follow- 
ing a dose of 0103 cc per kilogram, little ctidcnce of acute degeneration was seen 
(fig 7) Degeneration was accompanied detritus m the lumina of the tubules 
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and the presence of casts This was most abundant when the acute degeneration 
was at its height 

Jn those animals that survived more than three davs, evidence of regeneration 
w r as seen and this became more extensive and ad\ anced in proportion to the length 
of time the animal lived after the treatment Rabbits 5 and 7 lned eigbtv-four 
hours and eighty-six hours, respective!}, and evidence of regeneration of the cells 



Fig 5 — Section from the kidney of rabbit 30 which received Oil cc of 
novasurol per kilogram and was killed at the end of four davs Acute degeneration 
has been less extensive and there is considerable evidence of regeneration Photo 
micrograph, 16 mm obj 


lining the renal tubules was present in each In sections from these animals, a 
considerable number of the ascending limbs of Henle and the convoluted tubules 
appeared bluish under the low power magnification (figs 4 and 8) These were 
seen to be syncjtial masses containing manv deeplv staining vesicular nuclei or 
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tubules lined by flat, irregularh round or polygonal cells with characteristic 
nuclei The cytoplasm of these cells was stained somewhat bluish and occasionally 
mitotic figures were seen This picture is described by MacCalium 5 * as being 
characteristic of regeneration in acute poisoning from mercuric chloride 

Similar evidences of regeneration were present m rabbit 30 four da\s after 
treatment The dose gnen to this rabbit was much smaller than that gnen to 



Tig 6 — Section from the kidne\ of rabbit 31 which received Oil cc of 
no\asurol per kilogram and wans killed at the end of six davs Extensa e evidence 
of active regeneration is present Photomicrograph, 16 mm obj 


rabbits 5 or 7 and this animal had begun to recover In the section the newlv 
growing cells m main cases surrounded the necrotic mass representing the 

24 MacCallum, W G A Text-Book of Pathology, ed 2, Philadelphia, 
W B Saunders Company, 1922, pp 404-406 
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destroyed tubule In rabbit 31, killed six days after receiving the drug, signs of 
regeneration were the predominating feature (figs 6, 9 and 10) The few tubules 
still showing complete necrosis were for the most part surrounded by actnch 
proliferating young cells Many of the tubules were lined by flattened epithelium 
with more or less normal nuclei and cytoplasm Many were replaced by s\ ncj tial 
masses or lined by irregularly shaped cells with bluish staining cytoplasm and large 



Fig 7 — Section from the kidney of rabbit 32 which received 0103 cc of 
novasurol per kilogram and was killed at the end of ten dajs There is eudence 
of rather extensne deposition of calcium Photomicrograph, 16 mm obj 

vesicular nuclei, some of which showed mitotic figures At the end of ten dajs, 
in sections from rabbit 32, the majority of the tubules w'ere lined by flattened 
epithelium There -was little evidence of actively proliferating joung cells In 
rabbit 33 at the end of fourteen days, only an occasional joung cell w'as seen, but 
the epithelium for the most part was flatter than normal 
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Tlie earliest evidence of calcium deposition was seen in rabbit 30 four days 
after the injection of the drug It was located in the debris of tbc convoluted 
tubules The amount was small and for the most part irregularly scattered 
throughout the subcapsular portion of the cortex In rabbit 31 at the end of six 
da\s, i slightly larger amount of calcium was present, while in rabbit 32 killed at 
the end of ten da\s, the striking feature was the large amount of bluish material 



Fig 8 — Section from the kidney of rabbit 7 which rccened 0 324 cc of 
novasurol per kilogram and died in eight\-six hours In the center of the photo- 
graph are seen cross-sections of comolutcd tubules lined b\ irregular cells with 
large vesicular nuclei and blush-staining cjtoplasm Photomicrograph, 16 mm obj 


infiltrating the debris (fig 7) In some cases, masses of calcium were surrounded 
by actively proliferating cells A small amount of calcium was seen m tbc 
ascending limbs of Henle None was seen in the glomeruli There was much 
less calcium present m rabbit 33 killed at the end of fourteen da\s than m rabbit 
32 killed at the end of ten days 
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The glomeruli were normal throughout except m two animals Rabbit 16 
showed the typical picture of a chronic nephritis, and in rabbit 5, mail} of the 
glomeruli showed acute change In the latter, detritus was seen in the capsular 
spaces of many of the malpighian bodies in some instances, crowding the 
glomerular tuft to one side This detritus consisted of red blood cells, white 
blood cells and a homogeneous pinkish staining material Glomeruli were not 



Fig 9 — Section from the kidney of rabbit 31 which received Oil cc of 
novasurol per kilogram and was killed at the end of six days , high power mag- 
nification showing young flattened cells with large irregular vesicular nuclei 
lining a proximal convoluted tubule Photomicrograph 4 mm obj 

observed in this section to show increased cellularity or change in Bowunan’s 
capsule 

Except for medullary hyperemia m the acute stages, the vessels were normal 
throughout The cortex was consistently anemic There was considerable inter- 
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stitial edema in the acute stages and in rabbits 5 and 7, an occasional small nest of 
lymphocjtic infiltration was seen in the interstitial tissue 

In rabbits 2, 3 and 13, which received relatively large amounts of novasurol 
over a period of six months, the pathologic changes were slight Rabbit 2 showed 
the epithelial lining of the comolutcd tubules to be somewhat flatter than normal 
A few small retention c\sts and areas of hmphocjtic infiltration were present 



Fig 10 — Section from the kidnei of rabbit 31 showing a mass of nuclei with- 
out eiidencc of cell boundare These fill the space formcrh occupied bj a con- 
\olutcd tubule These nuclei are large, \esicular and san a good deal in si/e, 
the cytoplasm stains bluish Photomicrograph, 4 mm obj 

There was a slight increase in connectne tissue m localised areas Rabbits 3 
and 13 showed similar e\ idence of chronic change (figs 11, 12 and 13) 

Rabbit 16 show'ed the hpical picture of a chronic nephritis (fig 14) The 
interstitial tissue w r as increased, the glomeruli closeh packed together and in manv 
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instances, Bowman’s capsule was considerably thickened A moderate degree of 
acute degeneration was also present and a small amount of calcium This 
section showed the presence of a chronic nephritis with a superimposed acute 
degeneration This animal died from intestinal obstruction and peritonitis The 
picture could not be said to be due to novasurol and w T as most likelj a spontaneous 
nephritis commonly seen in rabbits The acute degeneration w*as probabh partial!} 



Fig 11 — Section from the kidnej of rabbit 3 which received repeated doses 
of 0 077 cc of novasurol per kilogram for twentj -three doses over a period of 
six months and v r as killed six w r eeks after the last dose A small retention cjst 
is seen Photomicrograph, 16 mm obj 

due to intestinal obstruction and parth to novasurol In animals 12, 14 and 15, 
which succumbed at varying periods after repeated doses, there was little evidence 
of chronic damage, but varying amounts of acute degeneration were present m 
the kidney 




208 


ARCHIVES OF INTERNAL MEDICINE 


COM MCNT 

The foiegoing pathologic changes coriesponcl closely to those already 
described by Menten,-’ 0 MacNidei,-’ 0 Kolmci and Lucke,-’ 7 Schamberg, 
Kolmer and Rai7iss, Jh Burmeister and McNally - n and Ehvyn ao as 
being chaiactenstic of the lesions produced by the various othei mercuric 
compounds m common use 

The exact cause of the renal changes produced b) novasurol is not 
cleai Various theoiies have been advanced, but there is no unanimity 
of opinion as to the method of action of meictiry on the kidneys 
Kaufman ' 11 believed that meicun had a tin omboplastic action producing 
thromboses, ischemia and subsequent degeneration Later writers have 
been unable to substantiate this claim Thromboses were not observed 
in this study Moreover, it has been shown that even though hirudin 
has been added, thus preventing coagulation, similar damage occurred 
after poisoning with meicury Kunkel advanced the idea that myo- 
cardial insufficienc) was the factor icsponsible This can hardly be 
accepted since such extreme changes aie ne\er seen even in cases of 
severe cardiac failure, and moreover, myocardial insufficiency is not 
observed except m the tei minal stages General vasomotor paralysis has 
been advanced as a cause In % Mchring," but low blood pressure does 
not necessarily accompany mercuric poisoning Elbe” 1 believes that 

25 Mentcn, M L Pathological Lesions Produced in the Kulnev In Small 
Doses of Mercuric Chloride, J M Research 43 315, 1922 

26 MacNidcr, W de B A Studv of the \cul-Base Equilibrium of the Blood 
in Acute Bichloride IntOMcations, Proc Soc Exper Biol A Med 14 140, 1916- 
1917 

27 Kolmer, J A , and Lucke, B \ Studv of the Histologic Changes Pro- 
duced Experimental!) in Rabbits In Mercurial Compounds Arch Dermat &. 
Svph 3 531, 1921 

28 Schamberg J F Kolmer, J *\ , and Rai/iss, G V' \ Studv of the 
Comparative Toxicitv of the Various Preparations of Mcrcurv with a Histological 
Stud) of Experimental Mercurial Nephritis J Cutan Dis 33 819 1915 

29 Burmeister, W II , and McNallv, \V D Acute Mcrcurv Poisoning A 
Parallel Histological and Clinical Studv of the Renal and Hepatic Tissue Changes 
as Compared with the Rapiditv of Absorption and the \mount of Mcrcurv Present 
in the Circulating Blood at the Time Such Changes Occur, J M Research 36 87, 
1917 

30 Elvvvn, H The Nephrosis of Mcrcurv Poisoning or the Bichloride Kulnev, 
Nephritis, New York, Macmillan Compam, 1926, p 227 

31 Kaufman, E Neuer Bcitrag /ur Sublimatmtoxication nebst Bcmerkungen 
uber die Subhmatnicre, Virchows Arch f path Anal 117 227, 1889 

32 Kunkel, cited b\ Wciler Virchows Arch f path Anat 212 200, 1913 

33 Von Mchring, J Ucbcr die Wirkungcn des Quccksilbcrs auf den 
thierischen Orgamsmus, Arch f exper Path u Pharmakol 13 86, 18S0-18S1 

34 Elbe Die Mercn und Dannveranderungen bei der siibhmatoergiftung des 
Kaninhens in lher Abhangigkcit von Gefassnervcnsvstem, Virchows Arch f path 
Anat 18 445, 1905 
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mercury causes local constriction of the capillaries MacXider 25 
claimed that the late changes in the kidne} are due to an acid intoxication 
Most writers, however, feel that the direct action of mercun on the 
epithelial cells is the real cause The objection offered to this uei\ 
is the low concentration in which mercun occurs in the blood Flexner 
and Sweet , 30 however, have shown conclusive!} that this is the mode of 



Fig 12 — Section from the kidne> of rabbit 2 which received repeated doses 
of 0 061 cc of novasurol per kilogram for twent} -three doses o\er a period of 
six months and was killed six weeks after the last dose A small area of 
hmphocjtic infiltration is shown Photomicrograph, 16 mm obj 

35 MacXider, W de B A Stud} of Acute Mercuric Chloride Intoxication 
in the Dog wuth Reference to the Kidne} Injur}, J Exper Med 27*519 191S 

36 Flexner, S , and Sw^eet, J E The Pathogenesis of Experimental Colitis 
and the Relation of Colitis m Animals and Man, J Exper Med 8 514, 1506 
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action on the large bowel, and as mercury is also excreted by the 
kidney cells it seems reasonable to believe that mercury produces 
degeneration b) directly poisoning the renal epithelium The rapidih 
with which the changes take place also bespeaks a direct action The 
fact that Huber 7 has demonstrated that there aie no artenolae rectae 



Fig 13 — Section from the kidney of rabbit 2 This is a higher magnification 
of a portion of the area shown m figure 12 Photomicrograph, 4 mm ohj 


in the kidnej, but that all the blood passes first through the glomeruli 
before being distributed to the tubules, would also tend to rule out 

37 Huber, G C The \rtenolae Rcctae of the Mammalian Kidnej, Am J 
Anat 6 391, 1906-1907 
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ischemia fiom any cause as a factor because we would then expect 
degeneration in the collecting tubules as well as m the convoluted tubules 
and in the ascending limb of Henle It is therefore believed the nova- 
surol causes degeneration in the kidney by duectlv poisoning the 
parenchymal renal cells 



Fig 14 — Section from the kidney of rabbit 16 which received fifteen doses of 
0066 cc of novasurol per kilogram over a period of two months This animal 
died from peritonitis following intestinal obstruction The typical picture of a 
chronic nephritis is seen as evidenced by the thickening of Bou man’s capsule 
increase in interstitial connective tissue and replacement of the tubules A small 
deposit of calcium is also present Photomicrograph, 16 mm obj 

We have estimated the immediate lethal dose of novasurol as 0 7 cc 
per kilogram foi the rabbit Though in a general way this is an index 
of the toxicity of the drug, it is m no way a satisfactory guide as to its 
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possible poisonous piopeities when used therapeutically Overwhelming 
doses administered intravenously kill the animal in an entirely diffeient 
manner than do smallei doses acting ovei a period of time MacNider 15 
believed that when mercury is given by mouth, if death occurs within 
forty-eight hours it is due not to action on the kidney but rather to 
shock, which the poison induces thiough its corrosive action on the 
intestines and stomach This cannot explain the death of labbits 6 and 
8 in this study as they died within three minutes after the drug was 
given Jackson “■* has shown that large doses of mercury given 
intravenously to the dog cause the prompt appearance of great irregu- 
larity and finally fibrillation of the \entncles and death If the \agus 
nerves were cut, death resulted from respirator} paralysis It is proba- 
ble that in rabbits 6 and 8, death resulted fiom one or other of the 
foregoing causes Human beings and animals ching aftei about seven 
days, usually die m uienua 

Mei curie chloride theoretically contains about 74 per cent of pure 
mercury Barbour 18 lecoided the lethal intravenous dose for a rabbit 
as 4 mg pci kilogram which would contain 3 mg of pure mercury 
Kolmer and Lueke - 7 and Schamberg, Kolmcr and Rainss,- 8 stated 
that the toxicit} of mercuric compounds varies closch with the amount 
of pure mercury the compound contains The drugs used In them 
included mercuric chloride and the noncomplex organic compounds in 
common use Nmasurol contains approximately 34 per cent of pure 
mercury and is prepared as a 10 per cent solution It w\as found that 
rabbit 4 receiving 0 16S cc per kilogram died in four days, whereas 
animals receiving Oil cc per kilogram regularh reanered It the 
lethal dose is estimated as about 013 cc per kilogram, this would be 
equivalent to 4 42 mg of puie mcrcun per kilogram No\«isurol is 
thus estimated to be less toxic than mercuric chloride Certain investi- 
gators maintain that moigamc mercunal salts in which mcrcun exists 
as an ion are organotropic and thciefore more highly toxic than organic 
compounds The explanation ofieied is that in inorganic mercurial salts 
the mercury ion being free combines with the pt oleins of the body, 
whereas in the organic compounds the element mercury is no longer 
free as an ion and hence does not attack proteins as vigoiously Such 
compounds are hence legaided as less toxic This is the probable 
explanation for the diffeience between mei curie chloride and novasurol 
Although Schamberg, Kolmer and Rauiss Jh did not find this difference 
between organic and inorganic compounds, the organic compounds used 
by them were l datively simple as compared wnth the highly complex 
novasurol 

38 Barbour, H G Mercuric Chloride Poisoning m Animals Treated Unsuc- 
cessfully by Parenteral Administration of Hall's New Antidote, JAMA 64 
736 (Feb 27) 1915 
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Rabbit 17 was given a dose of 0 089 cc per kilogram and no damage 
was observed in twenty-four hours If appreciable damage occurs, it 
is seen early, and hence such a dose did not damage the kidney An 
equivalent dose for a man weighing 70 Kg would be about 6 cc On 
the other hand, rabbit 28 received 0 098 cc per kilogram, and marked 
damage resulted This would be equivalent to about 7 cc for a man 
weighing 70 Kg The maximum single tolerated dose for the labbit 
is apparently about 0 09 cc per kilogram, or, estimating it on the same 
basis for a man weighing 70 Kg , as about 6 5 cc This would be 
equivalent to 3 mg of pure mercury per kilogram Schamberg, Kolmer 
and Raiziss 28 have shown the single tolerated dose of mercuric chloride 
to be about 2 mg per kilogram Though the single maximum tolerated 
dose of novasurol in the average rabbit is about 0 09 cc per kilogram, 
repeated doses of this magnitude and even considerably smaller doses 
repeated biweekly rapidly caused death Thus, rabbit 12, with a dose 
of 0 09 cc per kilogram, died m one month after five doses Rabbit 16, 
with a dose of 0 066 cc per kilogram, died m two months after fifteen 
doses, rabbit 15, with a dose of 0 053 cc per kilogram, died in three 
weeks after four doses and rabbit 14, with a dose as small as 0 038 cc 
per kilogram, which would be equivalent to only 2 66 cc for a man 
weighing 70 Kg , died in three weeks after five doses It was felt 
that the last named animal was unusually susceptible to the drug If 
these results can be used in estimating the toxicity of novasurol in man, 
one would consider that repeated intravenous doses of 3 cc for the 
average adult were too large and would be toxic especially for susceptible 
persons MacNider 39 has shown that the kidney of nephropathic ani- 
mals is susceptible to mercuric poisoning Individual normal animals 
also have varying inherent resistances to mercury This is probablv also 
true for human beings and justifies the use of a small initial test dose 
and also the hesitancy most observers have m using novasurol in the 
presence of renal disease 

Of the three animals surviving repeated biweekly doses for a period 
of about six months, namely, rabbits 2, 3 and 13, 2 and 3 received an 
initial dose five weeks before the biweekly doses were begun These 
two animals did not show any clinical evidence of poisoning at 
any time, even though they received 0 061 and 0 077 cc per kilogram 
per dose, respectively Rabbit 13, on the other hand, did not receive 
such an initial dose, but biweekly doses of 0 041 cc per kilogram were 
given from the start Though the dose injected was considerably smaller 
than that given to rabbits 2 or 3, in the first month during which time 
it received eight doses, this animal appeared ill and had diarrhea it 

39 MacNider, W de B The Susceptibility of Naturally Nephropathic 
Animals to Acute Mercuric Chloride Intoxication, J M Research 39 461, 1919 
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became weak and had difficulty m moving the hind limbs During the 
second month, though the ding was continued, the animal recovered 
clinically and icmamed so until it was Killed six months after beginning 
the injections It would appear that labbits 2 and 3 developed some 
tolerance to novasuiol fiom the initial dose given fine weeks before 
intensive tieatment was begun 

Menten - h claimed that the damage to the kidney is more severe 
if meicunc chloride is gnen intiavenoush in high dilutions than when it 
is moie concentrated Thus, a toxic dose in 5 cc plnsiologic sodium 
chloiide pioduccd gieatei damage than a similar dose when gnen in 
from 0 5 to 0 1 cc 'J his factoi was not imestigated in this study, 
but may be the explanation for the mci eased diuiesis obtained b\ 
Evans r ' when novasurol was gnen with fiom 20 to 30 cc of plnsiologic 
sodium ehlonde 

The pathologic pictuie pioduccd In toxic doses of no\ asurol in this 
study was similai throughout \ai\mg only in degree Deposition of 
calcium in the labbit is known to occur icadil) Xakata ln claimed that 
calcification does not occtu m the human before the fifth da} The 
earliest evidence in this study was seen in four days Schmidt 11 claimed 
that the deposition of calcium does not oceui unless there is injure to 
the colon thus intci fermg with the exaction of calcium, as from 90 to 
95 per cent is excreted In this loute 

si w m \u\ 

A stud} of the toxicity of noeasuiol was made In injecting it 
intiavenoush into the rabbit Thu t} -two animals wcic used Doses of 
0 7 cc pei kilogiam killed the animal within three minutes, and death 
w r as assumed to be due to fibi illation of the \cntiicles oi to a direct 
action on the vital ccnteis in the medulla Doses of 0 168 cc per 
kilogiam and ovei w r cie lethal If lethal doses were gnen but death 
w r as not immediate the length of lite aftei treatment \aned directly as 
the si/e of the dose The sc\cnt} of damage to the kiclncc varied 
duectly as the si/e of the dose and as the length of time the rabbit lned 
aftei injection The maximum single tolerated dose was estimated as 
about 0 09 cc per kilogiam or about 3 mg of pme mcrcui} Repeated 
doses of 0 05 cc per kilogiam w r eie consistentl} toxic This would be 
equivalent to a dose of 3 5 cc for a man weighing 70 Jxg In a num- 
bei of instances, considerably smallei icpeated closes pioduccd death 

40 Nakata, J Die Staclicn cler Subhmatmcrc cits Mcnschen nacli ihren 
makroskopischen und mikroskopisclien Bcsonderheiten, Bcitr / path 'Vnat u t 
allg Pathol 70 282, 1922 

41 Schmidt, M B Ucher die Verkalkung der Nicrenepithchcn hei subhmat- 
vergiftung und bei Djsenterie, Centralbl f allg Pathol u path Anat 30 497, 
1920 
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In one animal, 0 038 cc per kilogiam proved lethal in thiee weeks aftei 
five doses Such a dose would be equivalent to 2 66 cc foi a man 
weighing 70 Kg Two labbits given an initial dose that was fan 1\ 
large and then given five weeks to recovei were able to withstand 
repeated doses of 0 06 and 0 077 cc per kilogiam, lespectiveh, at fiom 
four to five day intervals for twenty-three doses without showing 
clinical evidence of toxicity and when killed the kidney showed but 
little change Animals d>mg of repeated smaller doses aftei some weeks 
did not show the extensive damage to the kidney that was piesent in 
those dying eaily aftei a single lethal dose, although consideiable 
degeneiation was present Single doses of 0 1 cc per kilogiam and over 
showed damage to the kidney as early as one honi aftei injection, and 
the lesions became progiessively moie seveie in dnect piopoition to the 
size of the dose and the time elapsed following the injection 

If pathologic lesions occuired in the kidney of a labbit as the lcsult 
of mtiavenous injection of novasurol, they were first seen m the pioxi- 
mal convoluted tubules The earliest change consisted of swelling of 
the epithelium loss of cell boundary, mci eased affinity for the acid stain 
and a gradual change m the nuclei from noimal to pyknosis, kanoi- 
lhexis and complete disappeaiance At hist only lriegulaily scattered 
patches of such tubules were seen These were laigely subcapsulai 
If the dose had been small, degeneiation did not pioceed fuithei, but 
as time went on and laiger doses were given, degeneiation became 
more extensive and more seveie Next m older the distal convoluted 
tubules and the ascending limbs of Henle showed similar early changes 
At the same time, the degeneration m the pioximal convoluted tubules 
became more marked The cells became swollen to fill the lumen or 
desquamated, the nuclei disappeared and finally the tubule was lepie- 
sented by a stiuctuieless homogeneous, pmkish-stainmg neciotic mass 
If the animal suivived a lethal dose long enough, practically all the con- 
voluted tubules, both proximal and distal, as well as the ascending 
limbs of Henle, underwent complete necrosis By the fouith day 
evidence of legeneration in the form of young, niegular and occas onally 
multmucleated cells was present The nuclei of these cells weie laige 
and vesiculai, and m some instances, mitotic figures weie piesent In 
later stages, the tubules weie lined by flattened epithelium The earliest 
deposition of calcium was observed in foui days and the largest amount 
m ten days The glomeiuli were normal except in the two animals 
alieady described The collecting and connecting tubules, descending 
limb of Henle and the papillary ducts weie not abnormal In the early 
stages theie was considerable hypeienna m the medulla, but this was 
nevei obseived in the cortex The vessels were unchanged In the acute 
stages there was frequently edema of the interstitial tissue, and 
occasionally small nests of lymphocytic infiltration were seen 
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In those animals surviving for longer periods evidence of slight 
chronic change was picsent in the foim of small patches of lymphocvtic 
mfiltiation, an increase in connective tissue and small letention cysts 
It could not be definitely said that this chionic change was due to 
novasui ol 

CONCLUSIONS 

1 I he toxicit) of no\asuiol is somewhat less than that of mercunc 
chlonde wdien based on the amount of pine mcicuiy contained 

2 In the labbit the toxicity of novasmol vancs closeh w'lth the 
amount given per kilogiam It is suggested that when this chug is 
used therapeutically, the weight of the patient should he considered in 
estimating the si/e of the close 

3 Repeated doses of novasurol cqunalcnt to 3 cc foi a man weigh- 
ing 70 Kg, when injected intravenous]) into the rabbit were toxic 
in ceitain animals It is suggested that repeated doses for a man weigh- 
ing 70 Kg should not be laigei than 2 cc when gnen intravenoush 

4 The tolerance of difterent labbits for no\asuiol yaries 'I he 
susceptibility of patients foi the chug should be tested In an initial small 
dose of 0 5 cc before intensne tieatmcnt is begun 

5 Certain rabbits gnen an initial dose and then allowed to rest for a 
few' weeks wuthstood repeated large doses o\er a long period of time 
It was felt that the initial dose inci eased the toleiance of such animals 

6 The pathologic legions produced in the kidney of the rabbit by 
toxic doses of novasurol aie identical yyith the lesions already described 
as produced by the yarious other mercuric compounds in common use 



DIABETES 

A STATISTICAL STUDY OF TWO TIIOUS \ND C \SES ' 

HENRY J JOHN, MD 

CLEVUAXD 

The statistical study of 1,000 cases of diabetes 1 which I lepoited a 
yeai ago was an attempt to coil elate my data with those of other authors 
and to offei evidence of the diffeient factois involved m the study of 
this disease The piesent statistical study in a laigei senes is but a 
continuation of my pievious piesentation 

During the penod which this study coveis, Maich 1, 1921, to Nov 
1, 1927, the total numbei of new patients admitted to the clinic was 
87,449 Thus the incidence of diabetes among our patients dining this 
penod was 2 28 per cent, while in the hist senes, among the 55,939 
patients seen m the clinic during the penod coveied b> that senes 
Maich 1, 1921, to Aug 31, 1925, the diabetic incidence was 1 8 pei cent 

AGE AND SEX INCIDENCE 

The distribution of these cases in each senes accoidmg to sex and 
to the different age decades is shown in chart 1 and also in table 1, 
while table 2 coi relates my own data with those of other authors On 
the whole, in these respects, the second series closely resembled the first 
The numbers of cases in males and m females m each decade 
are piactically equal Although the incidence of diabetes is highest in 
the fourth decade in this senes, the fifth, sixth and seventh decades 
furnished most of the cases As obesity, also, begins to manifest itself 
m the fouith decade, and usually persists, one is forced to wondei how 
much l elation it bears to diabetes Young people are usually too active 
to acquire an abundance of adipose tissue, but infection, on the otliei 
hand, predominates in the first two decades As the incidence of 
diabetes is comparatively low in the earlier age decades, it would appear 
that the predominance of infection as an etiologic factor in the produc- 
tion of diabetes must be doubted, though that it at least occasionally is 
a predisposing factor cannot be denied 

In a more detailed analysis of the incidence of diabetes m the first 
tin ee decades, among the 199 cases included, 32 occurred in the first 
decade, 54 in the second, and 113 in the third In the second series 
in this group the female incidence predominates over the male by 36 9 

* From the Cleveland Clinic 

1 John, H J Diabetes A Statistical Study of One Thousand Cases, Arch 
Int Med 39 67 (Jan ) 1927 
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per cent, whereas m the first series the numbers of male and of female 
patients weie practically equal This nw be but a possible coincidence, 
howevei 

The idle plajcd by heieditc in the pioduction of diabetes is mentioned 
by all authors A compilation of the obsenations of \arious authors 
on this subject, and also of my own is gnen in table 3 The figures 
in the second series again almost duplicate those m the first series, 
i e , 10 pei cent in the second senes as compared with 9 7 per cent 


Taiilf 1 — Classification of 7 wo Thousand Casts of Diabetes dccoidinq to 4gc 
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in the first The incidence of the heieditc factoi in m\ series is much 
lower than that gnen b) Joslm, con Noordcn and otbcis, cet I hace 
closely questioned each patient I can see no explanation foi this -varia- 
tion, as only Grube and Fienchs gice figures similai to mine The 
heiedity factor has been discussed in a picvious publication 1 

15L00D SUGAR CONTENT AND GLCCOSORIC 

The blood sugar of the patients on admission caned fiom below 
120 to aboce 900 mg per hundred cubic centimeteis The loev blood 
sugai values may be accounted for by the fact that an estimation of 
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blood sugai is always made immediately aftei a patient is admitted to the 
hospital, and m some cases insulin had been admimsteied shoitly before 
that time Patients whose diabetes is properly conti oiled will also pre- 
sent a noimal fasting blood sugar on admission These points must 
be borne in mind in the study of these figures Data on the blood 
sugai m all cases were summanzed in even amounts, varying by 50 
or 100 mg per hundred cubic centimeters This showed that in the 
largest number of cases in both series the blood sugar varied between 



Chart 1 — The sex and age incidence of diabetes (From the author’s series 
of 2,000 cases of diabetes ) 


150 and 250 mg pei hundred cubic centimeters, the number remained 
high, howevei, up to 300 mg , above which figure the number of cases 
at highei levels began to dimmish In seventy-six cases, howeter, the 
blood sugai was 500 mg per hundred cubic centimeters or more 

Observations were made on the presence or absence of glycosuria on 
admission togethei with estimations of blood sugar, the former being of 
especial interest m that they showed 159 cases m which glycosuria was 
piesent although the blood sugar content was below 180 mg Above that 
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level one naturally expects to find glycosuria, but m twenty-six cases 
m which the blood sugai was 120 mg pei bundled cubic centimeters 
glycosui la was pi esent 'J he point which one must derive from these 
data is that the blood sugai lc\ el does not by any means disclose the 
lei el of lenal thieshold The urine collected at the moment when the 
blood is taken for sugai estimation is not the urine which has been 
secreted during those paiticulai few r minutes, but rathei includes that 
mine plus all the mine which was secreted during the period of time 
since the last pieceding voiding It is necessai), theiefoie, to determine 
what the blood sugai lc\el was thioughout that period Did it reach a 
high level abo\c that of the icnal threshold, and gradual!) drop to the 
level at the time the specimen was taken, or was it at the same level at 
which it w f as found throughout the period since the last preceding 

Tam ! 3 — 'I he Ilc/edita/v facto/ m the hmdmci of Diabetes 
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\ ending J These figmes pci sc* do not gi\e definite information as to 
the patient’s renal thieshold, this must lie detei mined in each case if 
specific mfoi mation on that paiticulai point is desued It is interesting 
howevei, to obsene that m a good main dchnitch diabetic patients in 
whom the blood sugai content is low ghcostuia is present - 

In blood sugai \ allies in diabetic patients who do not show* ghcostuia 
the high blood sugai \ allies are mtci esting foi thee show how lclatnch 
impel meable the icnal filtei is to dextiose These figmes too ha\e 
a moie definite \alue than those gnen foi patients wdio showed glyco- 
suna, because it is known that dm mg the penod fiom the last piecechng 
voiding the blood sugar content was not only as high as the estimated 
value heie given, but that in some cases, no doubt it w\as much higher 
The highest value of blood sugai without the coexistence of glycosui m 
w*as 390 mg pei hunched cubic centimetcis The same data gnen 
sepai ately in each series aie icpiesented giaphicalh in chait 2 


2 John, H J J Lab & Clin Med 9 626. 1923-1924 
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THE ROUTINE TREATMENT AND PROGRESS OE DIABETIC PATIENTS 

The improvement of diabetic patients todaj is infinitch greatei than 
it was before the insulin era The patients are better nourished and 
are able to woilc and cairy on as only those with the lighter fonns of the 
disease weie able to do in the premsuhn penod Many patients get 



Chart 2 — The incidence of glycosuria as compared with the absence of 
glycosuria at different blood sugar levels (From author’s series of 2,000 cases 
of diabetes ) 

along well without insulin, especially the older ones, as m the case of a 
woman, aged 58, data of whose case from July 22, 1924, to Dec 6, 1927, 
aie given m table 4 E\ei since a period of two weeks m the hospital, 
dm mg which insulin was administered foi twelve da\s, she had been 
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able to go without insulin A similai lustoiy is that of a man, aged 
46, who recen ed insulin for only eight clays His blood sugar on admis- 
sion was 319 mg per bundled cubic centimeters His continued prog- 
icss to the present date without insulin is shown in chart 3 Similai 
data can he given fiom a laige numbei of cases Diabetes in the old 

Tabu 4 — Lasting Effects of Insulin in the hcalmcnt of Diabetes as Indicated b\ 
Blood Suqai Dctci initiations foi a Pi obliged Pmod After Its Discon- 
tinuance in the Case of a JVoinan, Aged 5S 
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is usually mild unless lendcred se\eie bv failme to adhere to the pre- 
set ibed legimen 

It is my piactice to admimstei insulin to evei) patient when he hist 
comes to the hospital for the reason that thus the stay in the hospital may 
be shortened In the tieatment of peisons with diabetes theie are foui 
chief objectives (1) to get the patient as nearly normal as possible, 
(2) to find out what is lequued to gain and maintain the noimal state, 





Chat t 3 — Lasting effects of insulin in the treatment of patients with diabetes as indicated b\ blood sugar 
determinations o\ci a prolonged period m the ease of a diabetic patient, aged -16 sears 
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(3) to plan a livable — not a staivation — diet so that the patient ma\ 
hold his job, and (4) to instinct the patient in the loutine he must follow 
if he is to maintain the best possible status 

To attain the fust objectne one can simply stanc the patient, therein 
weakening him still more but e\ entnalh reducing his blood sugar to the 
normal level, or one can place a patient on a livable diet fiom the start 
and use enough insulin to bung lus blood stigai to the normal level more 

Table 5 — Lasting Effects of Insulin tit Tieatuunt of Diabetes as Indicated b\ 
Blood Siigai Dctci imitations at 1 at urn/ Ptriods ifhr Its Discontinuance * 
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ot less rapidly, as is desired From the economic oint of view, cci- 
tamly, the second proceduic is the logical one 1 j accomplish this 
puipose, one must juggle not the diet but the msti •) until one finds 
the dosage which will maintain an approximately noli na i ],] 00c j sugar 
content with a livable diet The rationale of this p icednre is cleai 
for no mattei how much a limited diet may apparen iy accomplish as 
far as the control of the blood sugai is concerned, it| las f a ii cc j hope- 
lessly if the patient is dischaiged on a diet which ^insufficient to main- 
tain his weight and eneigy Such was the geieral piactice before the 
insulin eia when all the physician had to woik.vith was the endogenous 



J OH X — DI A Bill LS 


insulin still available m the patient's both, and when raising the diet 
above what that limited amount of insulin could eare for meant disastti 
The emaciated, weak, discouraged diabetic person whose agom wa^ onl\ 
prolonged by such measures is today but a pitiful memory 

I do not mean to advocate the use of an unlimited amount of insulin 
— that would not be rational — but I mean that one should cmplov the 
smallest amount of insulin which is required to accomplish the desned 


Tama 6 — Lasting Effect s of Insulin in Ticatmcnt of Diabetes as Indicated by 
Blood Sugar Determinations at Vaiying Pcnods After Its Discontinuance * 
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* Arranged in order of duration of diabetes 


result m each case It must be borne in mind that insulin loses its 
effect when the dosage is increased, 1 c , 2 units of insulin produces 
relatively a greater effect than 20 units 

That a patient who is taking insulin needs to continue its u^e ahvay s 
is a fallacy In tables 5, 6 and 7, I have compiled data in regard to a 
series of cases of diabetes in which msulm vs as used continuously for 
varying lengths of time ( from 2 to 480 days) In these ca=es in which 
the patients, who ranged m age from 4 to 76 years have discontinued 
the use of insulin for from five to seventy-two months, the blood sugar 
content either has remained within normal limits or has shown but a 
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slight use When the points that I have alieady explained are made 
clear to the patients who have this fear of the tieatment with insulin, 
they immediately see the rationale of the whole procedure It is not 
fair for the patient who places himself in the physician’s care to dictate 
his own terms of treatment, and the physician’s pioblem is to satisfy 
him by showing him the facts m the pi oper light 

Taihx 7 — Lasting Effects of Insulin in Tieatment of Diabetes as Indicated bv 
Blood Sugai Dctci mutations at Vaivmg Penods Aftci Its Discontinuance* 
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* Arranged in order of period*- *-ince discontinuance of insulin 


COMA 

The total nurnbei of patients with diabetic coma in this senes wa*- 
eighty-five, an incidence of 4 25 per cent Of these I nnself ticatcd 
fifty-nine, while twenty-six wcie tieated in other cit'cs The statistics 
of this group of cases may be summan/ed in table 8 The data aie gnen 
m detail in tables 9 and 10 

The deaths elsewheie aie to be legiettcd Often the\ wcie wholh 
unnecessaiy, because eithci the patient absolutely disiegarded the pie- 
scribed loutme oi he or his lelatives misundei stood the essential factois 
m the tieatment The unfortunate idea that a patient who is not eating 




Tapi e 8 — Data of Patients lulh Diabetic Coma 


(total number of diabetic patients 2 /«<o 

(I otal incidence of coma V, ( j ”5" j 

Died elsewhere _’0 
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Tapli 9 — Examinations of Blood of Patients m Coma on Admivnon* 
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must not take insulin still seems to be m \ogue When a patient is 
unable to take or to retain food and staits vomiting, it seems logical to 
the family to withhold insulin for feai of hypoglycemia, and naturally 
acidosis mci eases while the patient giadualh but definitely drifts into 
coma Such a state maj be initiated by tonsillitis 01 some othei infec- 
tion The physician must impiess on the patient the fact that whelhei 
01 not one eats, the bod} keeps on burning calones just the same with 

Table 10 — Examinations of Blood of Patients tn Coma Who Died Lhcwhci c* 
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only this diftcience when food is taken these calories aie supplied from 
without, whereas when food is not taken these calones aie supplied b) 
the burning of one’s own tissues It follows tb.it in citlici case insulin 
is needed to accomplish this burning The patient usuall) giasps such 
an explanation quickly and then begins to lealize the i.itionale for umn- 
teirupted insulin therapy As a mattei of fact if a patient staits \onut- 
mg he needs more insulin If one peicenes the odoi of acetone on the 
patient’s bieath and if heavy acetonemia oi acetomma is piescnt, the 
quickest way to oveicome the acidosis which is indicated by these signs 
is by the intiavenous administration of 500 cc of a 10 per cent solution 
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of dextrose, with fiom 30 to 40 units of insulin and % gram (16 mg ) 
of morphine sulphate This tieatment should follow a gastric lavage 
The lavage is continued until the letuined fluid is clear, when from 500 
to 1,000 cc of the solution is left in the stomach Following these pio- 
ceduies the patient piactically ahvays has a few hours of quiet sleep, 
and awakens lef reshed and changed for the better 

On the other hand, when some irrational therapy is adopted in place 
of these measures, what happens ? The vomiting becomes moie and 
more intense, and the state of dehydiation is mci eased with a lesultant 
increase in the degiee of acidosis As the result of the increased acidosis 
more vomiting occuis, and so a vicious cucle is established which must 
be broken up if the patient is to get well 

Much has been written on the loutme tieatment of peisons in coma 
Joslm’s 3 routine is well established and hardly needs emphasis Theie 
are thiee points, however, that I wish to stiess (1) the admmisiiation 
of a sufficient amount of insulin to produce the desned effect of clearing 
up acidosis and lowenng the blood sugar level, this may take anywheie 
from 80 to 700 units per twenty-foui houis, (2) the use of 10 pei cent 
dextiose intravenously, and (3) hospitalization of the patient 

There is a diffeience of opinion legal ding the admimstiation of 
dextrose when the blood sugar is alieady at a high level Why add moie 
dextrose and raise the blood sugai still more > It was true in the pie- 
msulm era that dextrose should not be admimsteied to patients in whom 
a high degree of hyperglycemia and acetonemia w r ere piesent, because 
there was not sufficient insulin available m the body foi the stoiage and 
metabohzation of the added sugai At that time the intiavenous admin- 
istration of physiologic sodium chloride solution was a moie lational 
measuie Now, howevei, one can use insulin m sufficient quantity to 
metabolize almost any amount of dextiose 

Suppose that m such a patient the blood sugai content is 600 mg pei 
hundred cubic centimeters This makes the total cn culatmg blood sugar 
600 times 50 (considenng 5,000 cc as the total amount of cu dilating 
blood), which equals 30,000 mg oi 30 Gm If 500 cc of a 10 pei cent 
dextrose solution is given, 50 Gm of dextiose will have been added, 
and theie will be a total of 80 Gm m the blood stream From this 
should be deducted 120 mg by 50 (the noimal blood sugai content) 
oi 6 Gm , 80 Gm minus 6 Gm equals 74 Gm , the suiplus amount of 
sugai m the blood stieam Theoretically, one unit of insulin is supposed 
to bum up 2 Gm of dextiose, therefoie, to consume 74 Gm of sugai, 
37 units of insulin will be requited Theiefoie, when 500 cc of a 10 
pei cent solution of dextrose is admimsteied at least 40 units of insulin 
is gnen without producing hypoglycemia In an hour, 20 units more 

3 Joslm, E P The Treatment of Diabetes Mellitus Philadelphia, Lea & 
Febiger, 1916, p 128 
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is given, and this dosage is repeated perhaps for several houis The 
patient appears to absoib these laige amounts of insulin like a sponge 

It is an easy mattei to differentiate diabetic coma from an insulin 
leaction — simplj examine the urine for glycosuria If the urine is 
loaded with sugar, then the condition is coma If the urine is sugai 
free, then in the piesence of a histor> of insulin thcrap} the condition is 
piobably a h} pogl} cennc leaction This procedure takes onl) a few 
moments, and a special appaiatus is not required If this test is applied 
piomptl), valuable time need not be lost 01 the patient’s chances of 
lecovcry jeopardised 

Is a moie maiked hvpci gl) cemia produced In the use of dextrose' 
Foi a shoit lime immediate!} following its admmistiation, h\ pergl) cemia 
is produced — that is to he expected just as a postprandial In pergh cemia 
is pioduced in a diabetic or e\en m a notmal pci son — but this quick!} 
subsides, and if the hlood sugai is examined hourh, one rareh finds a 
slight use hut lather a fall in 95 per cent of the cases 

A jeai ago I published the data concerning blood sugar leadings' 
which were made at \ ai } mg intcnals just before and just after the 
admmistiation of dextrose and insulin From those figures it is clear 
that the added sugar is lniincd up in the bod} Incidental!}, the acetone 
bodies aie burned up with it. as is shown In the disappearance ot 
acetonemia and acctomuia and In the use of the icspiraton quotient 
Liquids aie incidental!} supplied to the dcln dialed bod} In this pain- 
less method, which is much prcfciable to lnpodcunochsis, although the 
latter method is to he used whcneier it is indicated oi is more expedient 

The actual amount of insulin which is needed m am gnen case 
\anes considerabh and can be estimated best In following the blond 
sugai fluctuations (blood sugai leadings can be made at half hour 
intervals), and also by estimating the dect eased ghcosuria, in which 
case the patient mat ha\c to be calhetcn/ed In chait 10 is shown the 
loutme followed m a case of coma in a little gnl, aged 2 }ears, who was 
hi ought to the clinic wuth a blood sugai content of 476 mg per hundred 
cubic centimeteis Hei plasma caibon dioxide content two and a half 
houis after two doses of insulin had been administered was still 13 6 
Between 7 a m and 4 p m, she recened 125 units of insulin in 16 
doses, and by 4 30 p m hei blood sugar was 80 mg per hundred cubic 
centimeters The plasma caibon dioxide rose tow aid the notmal let cl 
and the acidosis had entuely disappcaied on the following day Anothci 
case of coma is illustrated m chait 11 The patient was a man, aged 37 
years, wuth a blood sugai content of 638 mg pci bundled cubic centi- 
meteis, plasma caibon dioxide, 11 8, lteaty acetonemia and acetonuiia, 
and extiemel} heavy lipenua — the plasma being htciahy thick wuth fat 

4 John, II J Diabetic Coma Complicated In Acute Retention of Urine, 
J A M A 84 1400 (Ma\) 1925 
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like 20 per cent cream He recened on thiee successne da\s 500, 190 
and 80 units of insulin, respectively, 2,150 cc of 10 per cent dextrose 
was given on the fust day, and 1,125 cc on the second da> The e\tn 
fall of blood sugar on the first day, the maintenance of the lowcicd con- 
tent on the second day, and the slight rise on the morning of the thud 
day show clearly that the blood was not embarrassed b> the added 
dextiose With the deciease in the blood sugar content, the carbon 
dioxide curve rose rapidly, and m thirty-six hours the lipemia entucl) 
disappeared 

Coma is a serious condition and requires one to take ad\antage of 
every possible measure, therefore the importance of immediate hos- 
pitalization cannot be overemphasized Operations used to be done on 
the kitchen table m the home, but this is now done only in cases of 
extreme emergency In the treatment of patients with coma, physicians 
are still living m the “kitchen table eia,” but this period will surely pass, 
just as it did in suigery, and then more persons with coma will be saved 

Von Noorden and othei authois have called attention to the edema 
that occasionally follows oi lather begins to develop during coma It 
is piobably due m pait to insulin and m pait to the partial suppiession 
of urine by the kidneys In 1925, I repoited 4 a maiked case of this 
type, and at piesent I have a patient with a similai case in the hospital 
The edema disappears, however, as the patient’s condUion impro\es 

BLOOD SUGAR RESPONSE TO INSULIN 

Normal blood sugar values while a patient is fasting lange fiom 70 
to 120 mg per hundied cubic centimeteis Usually aftei a meal theie 
is a slight rise m the blood sugar (up to 140 oi 180 mg ) with a quick 
retuin to normal (within one oi two hours), this process being repeated 
aftei each meal This postprandial rise is highei and more piolonged 
in diabetic patients Taking advantage of this characteristic, for se\cial 
yeais I have prefened to examine a patient bv making an estimation ol 
the blood sugar two and one-half hours aftei he has eaten a hea\\ 
carbohydrate meal The impoitant fact should be borne m mind that the 
blood sugar during fasting often fails to re\eal diabetes in mild oi 
borderline cases and even occasionally m a se\ere case Am diabetic 
peison on a piopei diet can piesent a normal blood sugai content while 
fasting, but a diabetic person cannot present a normal blood sugai two 
and one-half hours after eating a heavy carbohydrate meal 

If houily examinations of the blood sugai of a patient who is fasting 
all day aie made, a slight fluctuation will be noted This condition 
occui red in blood sugar tests made on me hourly from 8 a m to 5 p m 
on two days seven months apart (see B and C in chart 4) In se\eral 
other observations which I made, these valuations were not so marked 
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These vanations aic much mote pionounced in a fasting diabetic patient, 
the blood sugar sometimes vailing fiom 124 to 206 mg pei hundred 
cubic centimeteis (see A in chart 4) Bearing m mind these fluctuations 
which occui noimall) in all ])eisons, one should a\oid considering as 
impoitant changes m the blood sugai of ftom 4 to 12 mg pei hundred 
cubic centimetei s 

lhat administration of insulin effects exlicmc variations in blood 
sugai is shown in the tluee obsei vat ions tecouled in chart 5 Ihe first 
patient (A) came to the hospital with a blood sugar content of 732 mg 



Chart 4 — The fluctuations of the blood sugar level during fasting from 8 a in 
to 5 p in in a diabetic patient (4) and m nondiabctic persons (It and C) 

pei bundled cubic centimeteis It took eight horns and the administra- 
tion of 160 units of insulin to i educe the blood sugai to the noimal level, 
122 mg pci bundled cubic centimeteis The blood sugai level when 
the fiist dose was given was 624 mg r l lie i espouse quotient of fall m 
blood sugai pei hom pei unit of insulin as illustiatcd In this case is 
found as follows 624 (level wdien fiist dose was given) — 122 (normal 
lev el leached) = 502 — 8 (hours) = 62 75 — 160 (insulin units) — 0 39 
In this case, the fall in blood sugai in the fiist hour (from 732 to 
624 mg ) wdien insulin was not taken should be noted The quotient 
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Chart 5— Response of blood sugar to insulin in three different diabetic 
patients 
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calculated by the same formula gives 114 and 112, respectn el) , for 
B and C m chart 5, icsults which show what a laige \ariation there is in 
leaction to insulin in diffeicnt peisons In the case recoided in chart 6, 
the same ohsei ration is made A woman, aged 49 >cais, in whose case 



Chart 6 — The variation m response of the blood sugar content to insulin on two 
successive days in the case of a diabetic patient, aged 49 sears 1 lie higher con- 
tent on the second day should be noted 

observations weie made on two successive days while she uas on an 
identical diet, took 50 units of insulin in four doses on the hist da\ and 
70 units m foui doses on the second day at the hours indicated on the 
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chart Though the patient received moie insulin on the second dav the 
effect on her blood sugai which had lisen somewhat, was not at all 
pioportional to the dose of insulin which she had taken 

By observing the accumulative data of an indiwdual case on a number 
of successive days, during which the dosage of insulin has increased v ith 



Chart 7— Variations m the response of the blood sugar content to identical 
doses of insulin m a diabetic patient on five successive davs 


each succeeding day, one can see that there is marked variation from 
day to day The patient, the accumulative data m tv hose case are given 
m chart 7, leceived 20 units of insulin four times a da> at 7 a m , 
12 m , 5 p m and 10 p m The dates of observation are given at the 
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end of each curve, and extreme \anation maj be noted from day to day 
The obscivations made on the same patient when the insulin dosage w r as 
mci eased to 25 units fom times a dav aic represented m chart 8 Con- 
tinued obscivations of the same patient foi two successnc days in which 



Chart 8 — Variations m the blood sugar content of the same patient whose 
blood sugar eur\e is shown in chart 7 under an increased dosage of insulin 

the dosage of insulin was markedly mci cased (120 units on the first day 
and 200 units on the second day) aie showm m chart 9 

Such fluctuations in blood sugai aie not the mle, and yet they aie not 
laie Usually, diabetic patients lespond icadily to tieatment with insulin, 
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but in seveie cases such fluctuations as shown m these charts chaiactenzc 
a slow, uneven progiess of the patient, if the routine tieatment, hcm- 
evei, is faithfully earned out foi a long petiod, soonei or latei the blood 
sugai will ch op and will lemain at a low level I sometimes call this 
living accoi cling to loutme '‘the wealing out piocess,” because the patient 
has to wear out the diabetic hyperglycemia m older to establish a noimal 
state The suipnsmg chai acteristic of this tieatment is that once the 
noimal status has been reached, a lemaikably small amount of insulin 
is lequned to keep the patient s blood sugai at a low level 



Chart 9 — Variations in the blood sugar content of the same patient \\host 
blood sugar curves are given m charts 7 and 8 on the same routine but under a 
markedly increased dosage of insulin 

REACTIONS TO INSULIN 

Theie is little that I can add to what I have alieady stated on the 
subject m my pievious publications, except to cite a reaction which 
shows a highei figuie than any which 1 was able to leport m 1927 This 
i eaction occuiied in a woman, aged 30, whose blood sugar was 467 mg 
pei hunched cubic centimeteis at the time of the i eaction 

Anothei observation that I am able to include m this report is one 
which I have nevei seen mentioned by any author, namely, a reaction 
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Chart 10 — The response of blood sugar and of plasma carbon dioxide to insulin 
in a case of coma m a girl, aged 2 \cars 
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Chart 11 — The response of blood sugar plasma carbon dioxide and hpenua to 
msulm m a case of coma m a man, aged 37 sear:> 











240 ARCH I J ES 01 IN 1 IIRN A L MEDICINE 

which was accompanied b) a noticeable engorgement of the breasts and 
piotiusion of the nipples 

Insulin leactions cannot be attnlnited to lnpoghccmia alone, foi 
theie arc main noimal pci sons in whom the blood sugar is as low' as 
from 30 to 60 mg per bundled cubic cent nuclei s who are not even con- 
scious of am thing unusual Reccnth , I haic anah/ed 22, BOS estima- 
tions of blood sugai in nondiabetic peisons If one takes time to peruse 
the figuies gn cn in that icpoit, one will be s trough, unpressed with the 
fact that insulin leactions <ire not due to lnpoghccmia alone 

Foshav 5 bungs out the fact th.it while In peighcemia ma\ be found 
in the plasma oi whole blood dm mg such a icaction the blood coipuseles 
are deptived of sugai He thinks that this fact ma\ account foi the 
condition 

niM’Ltrs Wl) St Rf.lt A! OI’IUMlONS 

Surgical opctations on diabetic patients ate not dreaded as thc\ were 
foimcrly, and the statistics of mortahts show improccment each sear 
No longei is the moiibund patient taken to the surgeon as “the last 
icsoit,’’ foi as the iatioii.il therape of diabetes is moie unncrsalh 
lecogm/ed, the plnsician and the patient .dike icali/e that a diabetic 
pei son can be opeiated on succcssfulh «is shown in chart 12 

The deci cased moilahts m operations on diabetic patients is due not 
onh to the mipioved method o f treatment, but also to a number ot 
vanable f.ictors The patient is no longs i staned befoie the operation 
and his Mtalit) thctcln l educed, he is bcttci fed and insulin is gi\en in 
sufficient amounts to msme piopci utih/ation of his food, thus enabling 
him to stoic awa\ some gheogen m the h\cr J his factor alone is 
important in the postopeiatne comalcsccnce of the patient \nother 
factoi of like impoitancc is the pscchologu condition of the patient lie 
no longei needs to feel that a surgical pioccdmc is a des|)erate procedure 
of last rcsoit, he can submit to it with a feeling of assuiance and hope 
When he is free fiom pain pleut\ of lu|uids and flint juices aie gnen 
b) mouth oi plnsiologic sodium chloudc solution In In podcimochsis, 
oi both, if the patient cannot take food In mouth dextiose is gnen 
mtra\ enouslv (500 cc of a 10 pci tent solution, with fiom 20 to 40 
units of insulin) In this manner the patient m.n be tided o\er for 
days oi even w'ceks In one of lm own c.ises which I ha\e repoiled 
elsew'heie, a patient in whom a cholec\ stentciostonn was pei formed was 
tieatecl in this mannei for a pcnod of se\en da\s, lecenmg dextiose and 
20 units of insulin twice a d.n Thioughout this period the patient’s 
blood sugar remained normal, and she felt well and was in excellent 
spirits As ah cady stated a pin sician should not hesitate to administer 
dextiose mtiacenousl) lest the blood sugai use, foi if sufficient insulin 
is given, the blood sugai wall not be l.used but usuallv will be consider- 


5 Fosliav, Lee Am J Plnsio! 73 470, 1925 
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ably loweied In table 15 of my formei leport, 1 wherein I have icportcd 
thnty-seven observations of the changes in blood sngai which have 
followed the intravenous administration of dextrose after operations on 
diabetic patients, the figuies speak foi themselves and prove that m 



Chart 12 — A chart illustrating the progress and treatment m a severe case of 
diabetes in a patient, aged 67 jears, showing the routine before and after operation 

seveie and complicated cases such a piocedure should be considered as a 
loutme piactice rathei than as a measure of last resort 

The diet of patients who have been operated on in whom diabetes is 
piesent is a subject worth) of paiticulai notice The average diabetic 
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T\iu 11 — Opciahans Performed on Diabetic Patunls in t!u Clncland 

Clime Hospital i 
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patient can do well on a diet yielding from 1,800 to 2,000 calories a da\ 
and containing carbohydrates, from 80 to 100 Gm and protein, from 50 
to 70 Gm On this diet, howe\er, the patient would lose weight if his 
basal metabolic rate w^ere increased, as is the case in hyperthyroidism 
In such a case, a higher caloric diet and perhaps more insulin is 
needed — a need which must be determined for each patient In actne 
hyperthyroidism I use, for instance, a diet yielding 3,000 calories and 
containing 120 Gm of carbohydrate and 70 Gm of protein This allows 
a liberal assortment of food, and the patient is not e\en conscious — and 
he should not be — that he is on a diet To get the best results in the 
treatment of patients with hy perth} roidism, the physician must relic\c 

Tapli: 12 — Opeiatwc Moi tahty m Diabetic Cares (Data Compiled fiov i 

Litciatuic) * 


Author 

Adams and W'llder (Wisconsin M T 22 557, 1924) 

John (J Lab A Clin Med O 626, 1923-1924) 

Lahey (Cited by Joslin, The Treatment of Diabetes 
Mellitus, 1916) 

Berkman (Lancet ‘SO 30 9, 1916) 

Joslin (The Treatment of Diabetes Mellitus, Philadel 
phia. Lea A Febiger, 1916, p 128) 

Karewski (Deutsche med Wchnschr 40 S, 1914) 

Young (Boston M A S J 1SS * 767, 1923) 

Toslin 

Weeden (J A M A 82 1165 [April 12] 1924) 

Bmnei (Cited bj Joslin, p 617) 

Morn=on (Boston M A >S J 17' 54, 1916) 

Jonec (Boston M AS J IS8 4S3, 1923) 

Fitz (M Clin X Amer 'i 1107, 1920) 

Strouse 

Weeden 

Foster (J A M A S4 572 [Feb 12] 1925) 

Mugind 


Mortality 



Number of 

per 

Year 

Operation^ 

Cent 

1924 

°27 

1 2 

1021-1927 

211 

6 4 


11 

7 It 

1915 

26 

7 6 

1919 

61 

9 

1914 

6S 

11 8 

1918-1922 

99 

1C1 

Before 1917 

27 

18 

1897-1922 

12 

if. o: 

1916-1923 

32 

19 

1896-1913 

7< > 

tyy 

1924 

S 

2> 

1918 

45 

40 

1916 


°\ 

1897-1922 

161 

30 8 

102.5 


45 5 

1921 

0 

80 


* Arranged in order of mortality percentages 
tThjroid cases 
t Insulin eases 

g Statistical report from several hospitals 


the hyperexcitable and nervously unstable patient of all unnecessary 
anxieties There need not be cause for w r orry if a logical routine 
changed and adjusted to meet the existing conditions, is faithfully carried 
out 

Before a patient leaves the hospital he should be instructed about his 
diet and the use of insulin if he needs to take it All surgical skill fails 
if after a brilliant surgical result, the patient goes home and drifts into 
a more se\ere stage of diabetes, so that he is worse oft than he was 
before the operation The surgeon should therefore ha\e the coopera- 
tion of the internist before, during and after the operation 

In this series of 2,000 cases of diabetes, I hate summarized the statis- 
tics regarding surgical operation m table 11 Major operations were 
performed on 221 patients and minor operations on ninety patients — a 
total of 311 operations, an incidence of 15 55 per cent, the incidence of 
major operations being 11 05 per cent This means that one out of 
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evciy nine diabetic patients had a majoi opeiation '1 he moi tality of the 
majoi opeiations in the fust senes was 21 87 per cent and in the second 

sei ics, 9 52 pei cent 1 iiese figures include moitalitj from all causes 

often nonsuigical 

niMU'TlC MOW r \I TT\ IN OLM'KAL 

Of the 2,000 patients with diabetes whom I ha\c ohscived thus far 
(dining se\cn xeais) 131 ha\e died a total mortaht\ rate of 6 55 per 
cent Of these, sixty-two patients died here at the hospital and si\ty-nine 
died clsewheie In table 13, I ha\c summau/ed the statistics of mor- 
tahtx according to the causes of death and the ages aecoiding to decades 

\\ bile the total mottaliU is 6 55 pei cent, it the deaths m the sexenth 
eighth and ninth age decades weie e\cluded, because of the natural inci- 
dence of death in those pounds, the mort iht\ incidence would drop to 
4 44 per cent The heauest moitahtc is in the sixth decade, m which the 
incidence of diabetes is also the highest 1 he seventh decade shows a 
high incidence of moitalitx as docs the tilth duade 4 he \anccl direct 
causes of death m this senes show, as Joshn pointed out, that most 
diabetic pei sons die of diseases other than diabetes In nn series, coma 
was the most fiequent cause ot death, howccer, as ] ha\e pointed out in 
the section on coma, most ot the patients who died tti coma died at home 
whcie thc\ recencd eithei taultx oi msulticient tuatment Deaths fiom 
this cause will he fewei, no doubt as tune goes on and as plnsiciatis 
gcneialh appieciate mcieasingh the mcessitx of pushing rather than of 
discontinuing the use of insulin when coma occuis I wish to emphasise 
thcicforc, the fact th.it it is case to dilleicntiate a diabetic coma from 
an insulin reaction 

r l ii i n c mi \c i oi smmiii is in m Mint's 

V chabctic patient is not immune to othci infections, and syphilis is 
no eNception In this senes ot 2,000 cases ot diabetes, s\ philis was 
present in fift\-toui, oi 2 7 pei cent A compilation of data from the 
htciatuic is gixcn m table 14 Joslm oiteicd data on the laigest series 
of cases of diabetes namch on 5,200 patients, the incidence of s\philis 
in this senes w r as 1 7 pei cent 

In contiast to these low figutes aic the obsenatioiis of Waitlun and 
Wilson, 0 who in sin neciopsics on diabetic patients at the Umxcisitv of 
Michigan found histologic changes chaiactenstic of syphilis in all In 
foui of these sin neciopsies thc\ wcic able to demons* i ate spirochetes in 
the mxocarchum and m one patient also in the panel cat ic lesions In the 
Haney Lectuies of 1917-1919. Waitlun ofteied an cNtensne discussion 
of this lelationslup The obsei \ at ions of as keen an obsener as Waitlun 
make one w r ondei whcthei moic extensile pathologic studies in patients 
with diabetes might not lcvcal much xaluablc mfoimation in this regaid 

6 Wartlun, \ S, and Wilson U F Ain J M Sc 152 157, 1916 



Table 13 Immediate Causes of Death m One Handled and Thu ty-One Patients with Diabetes 
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T \nu 14 — Incidence of Syphilis in Diabetes (Data Compiled from the 

Literature) 



Number 

Number 



of Cases 

of Cases 

Incidence 


of Diabetes 

of Sjphills 

Per Cent 

Jo«lm (The Ireatmcnt of Diabetes Mcllitus, 

Philadelpnm, 



Lea & Febiger, 191C, p 12S) 

3,200 

55 

17 

Tolm 

2,000 

54 

27 

Williams (Cited by Toslin, p G05) 

144 

4 

2.7 

Hosenbloom (Cited bi Joslin, p Gil) 

139 

10 

115 

Smith O irgmn M Month 4t) 6G2, 1023) 

79 

2 

23 

Fitz and Murplij 

50 

5 

10 0 

Van Saun (Cited bj Joslin, p GOG) 

12 

1 

13 

Hirschfeld (Cited bj Rosenbioom JAM 

A GS 1232 



[ April 2S] 1917) 



GO 


Tame 15 — Insulin Treatment and Progress of a Patient with Severe Diabetes 





J0U\—I)I4BLIi: s 


247 


SUMMARY 

1 A series of 2,000 cases of diabetes is reported in this papa 

2 The incidence of diabetes among all diseases seen at the Cle\ eland 
Clinic during the period coveied by this report has been 2 2S pei cent 

3 In this series, 46 75 pei cent of the eases weie m males and 53 25 
per cent m females 

4 The relative age incidence fiom the highest to the lowest accoid- 
mg to age decades w^as as follows — sixth, seventh, fifth, fonith, third 
second and first 

5 In this senes theie was an heieditaiy lustoiy of diabetes in 5 5 per 
cent and a familial lustoiy in 4 5 per cent 

6 The highest blood sugai level on admission w^as 908 mg pei hun- 
dred cubic centimeteis 

7 Glycosuria was found in many diabetic pei sons with noimal blood 
sugar (m 159 patients with blood sugar below 180 and in twenty-six with 
blood sugai 120 or below) On the other hand, glycosuna w f as not 
found m many patients in the piesence of high blood sugai, the highest 
blood sugai level without glycosuria being 390 mg per hundred cubic 
centimetei s 

8 The geneial belief among the laity that insulin once used must 
always be continued is shown to be fallacious 

9 The blood sugai lesponse to insulin vanes tiemendoush , as is 
shown in charts 3 to 8 It also vanes wudely fiom day to da\ in the 
same case 

10 Insulin leactions are not wholly due to hypoglycemia, but are 
found fairly fiequently in the presence of hypeigl)cemia, as noted m one 
case in which the blood sugai at the time of the insulin reaction w r as 
467 mg pei hundred cubic centimeteis Many noimal pei sons ha\e a 
blood sugar content as low as fiom 30 to 40 mg per hunched cubic 
centimeters 

11 The total number of patients with diabetic coma in this senes w r as 
eighty-five, oi 4 25 per cent Of the fifty-nine patients with coma that 
I treated, forty-eight lived (81 35 pei cent) and eleven died (18 65 pei 
cent) The causes of death are given m table 13 In these cases the blood 
sugar on admission ranged fiom 200 to 1,664 mg per hundred cubic 
centimeters, the plasma caibon dioxide ranged fiom 9 9 to 44 3, the 
highest figures appearing m patients who had received insulin before the} 
were admitted 

12 The total mortality m this series was 131, oi 6 55 per cent 

13 The total number of opeiations in this senes w^as 221 Total 
moitality among the suigical cases w r as 12 66 per cent, the coriected 
mortality (after eliminating other causes of death) was 6 4 per cent 

14 The incidence of s}phihs in this senes was 2 7 per cent 



THE EFFECTS OF MORPHINE AND ETHER ON 
THE FUNCTION OF THE KIDNEYS * 


R L STEHLE, PhD 
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WESLEY BOURNE, MD 

MONTREAL 

In the experiments herein clescnbed, data were obtained concerning 
the influence of morphine and ether, sepaiately and together, on the 
function of the kidneys, that is, on the rate and composition of the 
urine secreted It has been known for a long time that anesthesia 
diminishes the volume of urine secieted, and data exist also concerning 
the effect of anesthetics on metabolism m geneial, as represented by 
the composition of the urine, hut we were unable to find a detailed 
study of the effects of anesthesia on the function of the kidneys 

METHOD 

In older to eliminate all extianeous influences in the experiments, 
such as operative procedures, dogs with fistulas in the bladdei 
were employed The bladdei was largely excised and the cut margin 
sewed into the skin Healing requned about a week, after which the 
animal was placed on a table with the opening in the fistula ovei a 
funnel, the rim of which rested in a hole m the table top, and the 
urine as excreted was collected m a cylinder beneath 

The quantity of urea was determined by the method described by 
one of us 1 and the quantity of chlondes by the Volhard-Ai nold method 
or gravimetrically 

RESULTS OBTAINED WITH ETHER ALONE 

Table 1 shows that m ethei anesthesia theie is either a complete 
cessation in the formation of urine or a decided oliguria This, m 
itself, is not especially new, hut the effect on the urea and chloride 
concentrations of the mine excreted is interesting The data indicate 
that the capacity of the kidney to concentrate urea is diminished by 
ether, from 4 to 5 per cent being the maximum leached, and it may 
be lower m spite of the small quantity of urine secreted If the urea 
concentration is low m the control period, it may rise undei ether 
anesthesia but never to a concentration often reached under normal 

* From the Department of Pharmacology, Faculty of Medicine, McGill 
University 

1 Stehle T Biol Chem 51 89, 1922 
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conditions In view of the well demonstiated fact - that in ethci anes- 
thesia the blood becomes decidedly concentrated (caused appatentlv In 
the passage of fluid fiom the plasma into the tissues), one might expect 
that even though the volume of urea excieted is small its concentration 
should be high if the filtiation-ieabsorption theoiy lcgardnig the seue- 
tion of urine is coirect That is, one might expect that the tnct cased 
demand of the tissues for water (as lepicscnted by a high blood con- 
centiation) would result m a bettei tubular leabsoiption of watu but 
this expectation is not fulfilled 

Tabu 1 — Effect of Ethci Anesthesia on the Function of the Kulnevs 






Mg 

Excreted 

Percentage Com 




■Volume pei 

per Minute 


position 



lime of 

Minute 

/ 

— ^ ^ 

f — — - 



1 xpemnent 

Period 

Collection 

Cc 

Urea 

Chloride 

Urea 

Chloride 

13* 

Control 

1 55-2 45 

1 11 

G 25 

0195 

0 503 

0 017 


Ethci 

2 47-3 55 

000 

0 00 

0 000 

0 000 

0 ooo 

Post 

Ethci 

4 47-5 27 

0 00 

1 00 

0 037 

1 11 

0 0)1 

Post 

P tlicr 

5 53-G 23 

1 03 

8 04 

0 057 

0 781 

0 005 


(100 ce 

of water at 5 40 [by stomach tube]) 




14* 

Control 

1 21-2 11 

0834 

14 3 

1 OC 

1 72 

0 127 


1' tlici 

2 20-3 20 

0 085 

3 77 

0128 

1 15 

0150 

Post 

Ftlier 

3 20-4 00 

0 112 

7 55 

0105 

0 75 

0 0<M 

Post 

I tlicr 

4 38-5 18 

0 130 

10 0 

0 052 

7 20 

0 0 57 

11 

Control 

1 01-1 41 

0 503 

14 0 

0 G55 

2 30 

0 110 


Ftlici 

2 00-2 50 

0 12S 

4 00 

0 391 

3 20 

0 oO 1 - 

Post 

Ethci 

4 22-4 52 

0 213 

10 2 

0 281 

1 79 

0 11! 

1G 

Control 

1 05-2 05 

OOGS 

507 

0 007 

7 10 

0 009 

Post 

Ether 

4 40-5 30 

0 070 

5 GO 

OOGG 

7 38 

0 ((«? 

17 

Control 

12 50-1 40 

0121 

715 

0 40(> 

5 91 

0 330 


Ether 

2 15-3 15 

0 027 

0 417 

0 017 

151 

0 005 

18 

Control 

12 20-1 10 

0132 

115 

0 82 

8 72 

0 023 


Fthcr 

1 15-2 25 

0 077 

3 55 

0 21 

1 GO 

0 271 

Post 

Fthei 

4 3-1-5 24 

0 17G 

12 2 

0 39 

0 93 

0 222 

Post 

Ether 

8 1G-S 57 

0127 

0 95 

0 84 

5 40 

0 G02 

19 

Control 

2 1&-3 OS 

01GG 

G 57 

0 42 

5 90 

0 255 


1 thci 

3 22-4 22 

0 00G 

1 G5 

015 

2 50 

0 228 


Ethci 

4 22-5 02 

0105 

3G2 

0 21 

3 15 

0 200 

20 

Control 

1 01-1 41 

01G8 

089 

0 212 

410 

0 127 


Ether 

1 51-2 54 

0 00 

ooo 

0 000 

0 00 

0 000 

Post 

Fthei 

3 53-4 23 

0 210 

7 OS 

0 3(4 

5 GG 

017, 

Post 

Ether 

5 10-5 40 

0 397 

14 8 

0 129 

3 75 

0 108 


* In experiments 13 and 11, water w is given by mouth about one hour before the collection 
of urino was begun In the otbci experiments m this table, water was not gi%en 

111 oi dei to explain the obseivations on the basis of the filtiation- 
leabsoiption theoiy, the lesults in those expeumenls in which some 
secretion occuis lequne one to assume that tubulai leabsoiption ot 
watei is diminished by ethe’ — otheiwise the concenli ation of uiea 
would not be diminished, and m the expei intents m which total sup- 
pi ession of urine secietion occuis, they appeal to lequire that no 
filtration occuis, else why should the secietion of urine cease J 1 ins 
amounts to assuming what would appeal to be highly improbable that 
ethei abolishes the flow of blood thiough the kidneys foi there n- 

2 Barbour and Bourne \m T Plnsiol 67 399, 1924 
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not any other apparent reason why, on the basis of the filtration 
leabsorption theory, no urine should be excreted 

Much the same phenomenon occurs with regard to the excretion 
of chlorine as m the case of the secretion of urea If the chloride 
concentration is low in the beginning, the concentration may rise under 
anesthesia, but when the initial concentration is high anesthesia causes 

Table 2 — Effects of Motphme on the Function of the Kidneys 


Mg Percent 





Volume per 

Excreted per Minute 

age Composition 

E\peri 


Time of 

Minute 

( 

A 

"\ t 


A 

ment 

Period 

Collection 

Cc 

Urea 

Chloride Phosphorus 

Urea 

Chloride 

1 

Control 

2 10-3 10 

1 69 

764 

0 348 

0 066 

0 435 

0021 


Morphine 

3 30-5 10 

0117 

5 OS 

0160 

0 06S 

4 34 

0142 

2 

Control 

10 50-11 40 

151 

10 2 

0 27 

0170 

0 676 

0 018 


Morphine 

11 10-2 00 

0 230 

766 

0 58 

0 071 

333 

0 252 


Ether 

2 00-3 00 

0 70 

7 35 

2 40 

0166 

105 

0 343 

3 

Control 

1 35-2 05 

2 40 

11 7 

164 

0 035 

0 487 

0068 


Morphine 

2 27-3 07 

0 264 

10 3 

094 

0091 

390 

0 355 


Ether 

3 15-4 25 

024 

5 97 

0 47 

0 673 

2 49 

0283 

4 

Control 

1 53-2 33 

0 920 

10 4 

0 796 

0 284 

113 

O0S7 


Morphine 

2 34-3 44 

0 071 

1 86 

0 054 

0087 

262 

0 076 


Ether 

3 49-4 59 

015 

4 84 

0 085 

0 452 

323 

0 057 

Post 

Ether 

4 59-5 39 

019 

8 25 

0136 

0 433 

434 

0 072 

5 

Control 

1 39-2 09 

2 07 

S9S 

0 310 

0 294 

0 434 

0 015 


Morphine 

3 23-3 4S 

0136 

2 70 

0176 

0175 

199 

0129 


Ether 

4 07-5 22 

0 03 

0 52 



0104 



Ether 

5 22-5 54 

0 24 

5 71 

0 207 

0 467 

2 38 

0 086 

6 

Control 

2 40-3 10 

0170 

7 87 

0123 

0 085 

463 

0 074 


Morphine 

3 21-4 01 

0190 

9 44 

0 544 

0 054 

4 97 

0 286 

7 

Control 

1 25-2 05 

0110 

S5S 

0 OSS 

0131 

780 

0 077 


Morphine 

2 15-3 93 

0117 

892 

0153 

0 053 

7 63 

0131 


Ether 

3 95-4 55 

0 51 

10 5 

0 674 

0158 

2 OG 

0132 

S 

Control 

1 31-2 21 

0099 

S 62 

0 049 

0 034 

871 

0 036 


Morphine 

2 31-3 21 

0 081 

S 21 

0 0S3 

0 012 

101 

0103 


Ether 

3 21-4 31 

0 049 

285 

0 057 

0 085 

5 81 

0117 


Ether 

4 31-5 41 

0064 


0 011 

0 327 


0 017 

9 

Control 

2 10-3 00 

0164 

616 

0 48 

0 095 

3 76 

0 293 


Morphine 

3 10-4 10 

0 045 

268 

0129 

0027 

5 95 

0 287 


Ether 

4 15-5 05 

0 47 

018 

127 

0113 

131 

0271 

10 

Control 

1 45-2 45 

0101 

693 

0146 

0 061 

6 91 

0144 


Morphine 

3 05-4 05 

0 043 

4 07 

0 050 

0 031 

9 46 

0116 


Ether 

4 15-5 15 

0150 

4 67 

0121 

0 297 

311 

0 081 

11 

Control 

2 33-3 13 

0102 

858 

0 645 

0164 

8 41 

0 634 


Morphine 

3 42-4 42 

0 045 

4 51 

0121 

0 025 

10 0 

0269 


Ether 

4 47-5 47 

0154 

492 

0 339 

0 56S 

319 

0 220 

12 

Control 

1 30-2 10 

0 22 

112 

115 

0 355 

509 

0 524 


Morphine 

2 32-3 32 

011 

868 

0 328 

0143 

789 

0 295 


Ether 

3 SS-4 39 

017 

5 41 

0478 

0 478 

318 

0 278 


a fall m the amount and concentiation of the chloride concentration 
of the Urine 

The results apparently indicate that a secretory mechanism is 
involved m the same sense as it is m the glands of the alimentary tract — 
that is, that urea and chlorine are actively secreted, not merely left 
over after a process of filtration and reabsorption, and that the com- 
paratively low concentrations attained under ether merely indicate that 
the efficiency of the secretory process is diminished by anesthesia 
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RESULTS OBTAINED WITH MORPHINE \LON E 

Undei ordmaiy circumstances the effect of morphine on function 
of the kidneys is not marked (table 2) Usuall} there is eudencc of 
a slight depiession of function, but fiequenth no impoitant effect is 
noticed If, however, the initial rate of the secretion ot mine i- 
high, the administration of moiplune causes a decided dcciease m 
the volume of urine secreted but has much less effect on the quantities 
of urea and chlorine, so that the percentages of these constituents rise 
To explain these results m tenns of the filtration-reabsorption theon 

Table 3 — Effect of Moiplune on Rate of Exaction of IFatci and L rca oft a 
Admuusti ation of a Solution of Uica 





lie Urea 



Experi- 


Time of 

Volume per 

per 

Per Cent 


ment 

Period 

Collection 

Minute Cc 

Minute 

Ure i 

Romurl >. 

21 

Control 

8 59- 9 25 

0 30 

20 7 

70 

30ft re of 2 p< r cent 


After urea 

9 18- 9 5S 

3 43 

51 8 

1 51 

ure 1 solution it 



9 58-10 03 

4 GO 

52 2 

1 14 

9 27 10 mt, of mor 



10 03-10 07 

5 13 

51 7 

1 01 

phmc «ulph ite j>< r 


After morphine 

10 2G-10 41 

090 

27 9 

3 10 

kilogram it 10 f s 


After morphine 

10 41-10 59 

0 53 

298 

5 02 



After morphine 

10 59-11 14 

0 43 

°2 7 

701 



After morphine 

11 14-11 29 

0 33 

291 

S £2 


22 

Control 

£ 49- 9 20 

010 

12 2 

702 

100 cc of 2 per cent 


After urea 

9 49-10 09 

0 43 

214 

1 9S 

ure i solution at 



10 09-10 24 

0 01 

21 5 

3 30 

9 ,0 io mtr of mor 



10 24-10 3G 

002 

29 7 

o 

pliinc snip!) ilt per 


After morphine 

11 02-11 39 

0 10 

8 71 

8 71 

kilotr un it 10 7 


After morphine 

11 39-12 OS 

0 13 

12 G 

9 09 


23 

Control 

9 17- 9 17 

0 135 

131 

9 71 

2M cc of ure i at 


After urea 

10 1S-10 33 

1 30 

308 

237 

9 50, 10 inf, of mor 


After urea 

10 33-10 49 

1 50 

2S1 

1 S7 

phme sulphate per 


After morphine 

11 11-11 35 

030 

17 9 

5 97 

kilogram at 10 52 


After morphine 

11 35-12 01 

0 40 

23 0 

5 90 


21 

Control 

1 33- 1 59 

0133 

0 Ob 

4 70 

175 cc of 2 per cent 


Control 

1 50- 2 14 

0090 

4 87 

543 

urea solution it 


After urea 

2 48- 2 57 

50 

23 4 

0 47 

2 15 10 mp of 


After morphine 

2 57- 3 05 

4 5 

191 

050 

morphine sulphate 


After morphine 

3 05- 3 1G 

1 45 

15 1 

1 03 

per kiloprun it 


After morphine 

3 1G- 3 27 

0 45 

14 5 

3 25 

2 57, 100 cc of 2 


After morphine 

3 27- 3 45 

0 20 

19 1 

7 49 

per cent ure l solu 


After morphine 

3 51- 4 20 

030 

22 9 

0 01 

tion it 3 40 


After morphine 

4 20- 4 30 

0 40 

20 5 

5 22 



After morphine 

4 30- 4 54 

0 40 

21 2 

5 uO 



one must suppose that under the influence of morphine the tubular 
reabsoiption of water is facilitated For example, in experiment 3 of 
table 2, the volume of urine is reduced from 2 4 cc per minute bet ore 
the administration of moiphme to 0 264 cc after its administration, 
with but slight effect on the rate of excretion of urea Since m the 
period when morphine w r as given the rate of glomerular filtration 
(assuming for the moment that there is such a thing) must ha%e been 
practically equal to that in the control period (as the rates of secretion 
of urea are nearly the same), it follows that tubular reabsorption muM 
hate been much more complete m the period after the adnnnisti ation 
of morphine than m the control period 
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Again in expeiunent 24 (table 3), there is a striking decrease in 
the rate of volume after moiphine, but the excretion of urea shows 
that glomerular filtiation must be proceeding at not much less than 
the late in the fh st period after urea was administered Experiments 
21 and 23 of table 3 are similar in this respect In experiments 26 
and 27 (table 5), m which the diuresis was produced by the intravenous 
administration of dextrose solution, morphine slows the rate of the 
excretion of water much more than that of urea 

If one regards mci eased tubular reabsorption as improbable, the 
only apparent alternative is to regard the secretion of water per se 
as having been depi essed Such a statement explains nothing, of course, 
but, on the other hand, it would seem rather improbable that morphine 
should increase tubular reabsorption m the kidneys 


Table 4 — Effects of Moiphine on Absoiption and Evciction of Water 


Amount of Water 

Time Left 

Amount 

Introduced Ce 

in Loop Minutes 

Control 

Withdrawn Cc 

40 

10 

IS 

40 

10 

25 

40 

10 

30 minutes aftei 10 mg morphine per kilogram 

275 

40 

10 

13 

40 

10 

Ether anesthesia then introduced 

20 

40 

10 

15 

40 

10 

23 

40 

0 

42 


Several objections may be raised against the expemnents themselves 
It might be said that under moiphine therapy there is a change m the 
composition of the blood, that is, a concentration This is not the case, 
however, as indicated by the experiments of Bourne, 3 who showed that 
the solid content of the blood is practically unaffected by morphine 
The experiments of Bogert, Underhill and Mendel 4 also showed that 
under the influence of morphine, intravenously injected Rmgei’s solution 
left the blood more slowly than in the absence of morphine, hence, so 
far as the effect of morphine on the composition of the blood is con- 
cerned, this substance should favor urinary secretion rather than 
retard it 

Since, m the experiments referred to, the initial diuresis was pro- 
duced by the admmistiation of water by mouth, the objection might 
be raised that morphine interferes with the absorption of water from 
the intestine This has been tested directly in a dog with a Thiry- Vella 
fistula Both openings were suitably closed during the period of 


3 Bourne Brit J Anesth 2 1, 1924 

4 Bogert Underhill and Mendel Am J Phvsiol 41 189, 1916 
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absoiption, and at the end of the penod as much of the lcmaming fluid 
as possible was withdrawn dnectly into a cvhndei hv means ot a mhher 
catheter nisei ted into the fistula, a paitial -vacuum being cicated in tin 
cylinder by a water pump The results (table 4) do not support 
the idea that moiplnne, ethci or both together intei feic ruth this process 

The same point lias been tested m anothei wa) Foi example, 
a 2 per cent solution of uiea is gi\ eti by mouth instead of wutei 
and the effect of moiplnne on the late of the secietion ol watei and 
uiea is then deteimmed If undei the influence of moiplnne this solution 
is absoibed as well oi neaily as well as noimalh, and if the secietion 
of water is mteifeied with moie than the secietion of uiea, then the 
late of secietion of uiea should not be gieatly affected aftei the 
administration of moiplnne, but its concenti ation should be considcrnbl} 
mci eased Table 3 shows the lesults of foui such expenments In 
expel iment 24 it will be seen that aftei moiplnne was gnen, men 
continued to be excieted at a late well above the late of the conti ol 
and at a decidedly inci eased concentiation The alternative explanation, 
namely, that morphine intei feies with the absoiption of watei fiom 
the intestine moie than with the absoiption of uiea, must be lecogmred, 
but it cannot be considered a potent objection This is obvious because 
m expei iment 21 it will be seen that aftei the adnumsti ation of uiea 
the uiea concentiation of the mine secieted was less than 2 pel cent, 
which fact would indicate that water was moie leadily absoibed fiom 
the intestine than was uiea Expenments 21 and 23 aie of the same 
geneial natuie as expei iment 24 In expei iment 22 the lesults aie not 
so convincing, but it wall be noted that the unnaty uiea aftei the 
admmistiation of moiplnne leached a concentiation of fiom S 71 to 
9 69 pei cent, which may 1 epi esent the maximum concenti ation possible 
under the conditions of the expei iment 

To eliminate the question of intestinal absoiption entuely we have 
given Ringer’s oi isotonic dextiose solutions intiavenously befoie admin- 
istering the moiplnne Table 5 shows the lesults In expenments 
26 and 27, decided mci eases m uiea concentiation weie effected c\en 
though the minute late of the secietion of uiea was diminished That 
the moiplnne does leally influence the secretion of watei In the kidneys 
may be seen fiom expei iment 2S m which moiplnne was not gnen 
heie the high late of volume excietion peisists foi a long time 

RESULTS OBTAINED WITH MORPHINE AND ETHER TOGETHER 

It has been shown thus far that ethei anesthesia alone is a decided 
depiessant of function in the kidneys, and morphine also, though to a 
slight extent Consequenth it is rather surpnsmg to obsene that when 
ethei anesthesia is induced aftei moiphimration function of the hidneis 
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is decidedly better than when ether only has been administered We 
have not obseived any instance of anuria in morphine-ether anesthesia 
The formation of urine not only continues, but peisists often to a 
satisfactory extent, as inspection of the data will leveal 

Table 5 — Results of InUavenous Adimmstiatwn of Ringci’s 01 Isotonic 
DcxUose Solutions bcfoie Motphme 


u 


Experiment 25 


Jig Percentage 

Excreted per Minute Composition 

- *■ A 


Time i 

of 

X olume per 


t \ 


r 

— A 

Collection 

Minute Cc 


Urea Chloride 

Phosphorus Urea 

Chloride 

1 50-2 

29 

010 


3 80 0 14 

— 

2 38 

0 27 



2 35-2 40 

240 ec of Ringer’ 1 ? solution intnc enouslj 


2 44-2 

58 

0 50 


6 01 4 94 

— 

117 

0 84 

2 38-3 

18 

1 33 


7 20 9 3G 

— 

0 5) 

0G3 

3 1S-3 

38 

213 


7 32 no 

— 

0 35 

0 52 



3 38 100 

mg 

of morphine sulphate subcutaneously 


3 38-4 

00 

2 01 


7 28 93 

. 

0 3G 

0 4G 

4 00-4 

20 

1 01 


6 9S 5 85 

— 

0 69 

OoS 

4 20-4 

30 

077 


6G2 4 60 

— 

0 EG 

0G1 

4 30-4 

45 

1 01 


7 05 5 5 


0 OS 

0 53 





Experiment 2G 







10 30 200 ce of w iter by 

mouth 



2 40-2 

50 

0 01 


10 1 0 78 

— 

1 G5 

0132 

2 50-3 

00 

0 53 


S 71 0 02 


104 

0118 


3 00-3 15 230 cc 

of 

5 4 per cent dextrose 

solution 

intravenous]' 


3 00-3 

15 

2 33 


11 4 2 59 

— 

0 49 

0111 

3 15-3 

19 

0 75 


10 3 9 S3 

— 

015 

010S 



3 19 100 

mg 

of morphine sulphite subcut meouslj 


3 19-3 

30 

30 


8 IS 3 53 



0 23 

0 OOS 

3 30-3 

12 

1 1 


4 40 0 22 

— 

0 57 

0 028 

3 42-4 

07 

0 32 


G 15 0 15 

— 

1 92 

0 047 

4 07-4 

20 

0 22 


5 90 0 19 

— 

271 

0 043 





Experiment 27 







10 30 250 cc of water bj 

mouth 



2 02-2 

32 

0 29 


4 S3 0 127 

0 178 

1 05 

0 044 


2 35-2 40 275 CC 

of 

5 4 per cent dextrose 

solution 

intraicnously 


2 32-2 

41 

4 0 


9 0S G 5 

0157 

0 217 

014 

2 41-2 

44 

110 


S 07 1G0 

0 237 

0 073 

015 



2 44 140 

mg 

of morphine sulphate subcutaneously 


2 44-2 

52 

GO 


G 2G 5 25 

0 147 

0104 

ooss 

2 52-3 

10 

20 


4 45 0 32 

0 035 

0 219 

0 15S 

3 10-3 

30 

0 30 


3 19 0 20 

0 019 

10S 

006G 




3 30 Etlier anesthesia, begun 



3 47-4 

07 

1 05 


4 02 0 29 

0 357 

0 44 

0 027 

4 07-4 

37 

0 07 


3 28 0 20 

0 512 

0 41 

0 030 





Expei iment 28 






3 00-3 10 

250 

cc of dextrose solution intruenously 


3 00-3 

OS 

0 85 


11 1 0 87 


1 30 

0102 

3 OS-3 

IS 

1 87 


G 52 1 54 


0 35 

0 082 

3 18-3 

43 

170 


4 G2 0 40 


0 27 

0 023 

3 43-3 

57 

360 


5 GS 0 50 


0 10 

0 024 

3 57-4 

07 

3 07 


GS 080 


017 

0 022 

4 07-4 

32 

2 05 


1 1 



0 055 

4 32-4 

47 

146 


5 78 10 


0 40 

0 007 

4 47-5 

23 

1 84 


0 96 



0 052 

5 23-5 

33 

1 77 


5 3 1 1G 


0 30 

0 0GG 


It is possible that the augmented secretion which lesults when ether 
anesthesia is superimposed on moiphmization is a salt diuresis In 
those instances m which an increased flow is most pronounced (table 
2, experiments 2, 4, 7, 9, 10, 11 and 27) there is a greater excretion 
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of chlonne 01 01 thophosphoi ic acid, or both It has been shown m 
othei experiments fiom this laboiaton " that cthci and morphine admit 
together pi oduce a laige increase in the exaction of sodium, potassium 
and phosphoi ic acid, which lesult coincides with this explanation 
Results alteady published r indicate that pituitary extiact causes the liber- 
ation of potassium and sodium salts fiom the tissues and so causes salt 
diuiesis, it may be that ethei, acting after moiphme, pi oduces a smulai 
effect The acceleiated excietion of salts is accompanied b\ the exac- 
tion of mea which, doubtless, would not have been exacted undei simple 
ether anesthesia 

Anothei explanation, and possibly a moie likely one, is as follows 
The amount of ethei necessaiy to pi oduce anesthesia in naicosis due 
to morphine is less than when ether only is used Consequenth , the 
depiession of the function of the kidneys by the ethei is less maiked, 
and a degiee of activity moie closel} appioaclung that obsened in 
narcosis due to moiphme is observed 

Expei iments lecently desciibed by Haines and Milhken , 5 6 7 in which 
the secietion of indigo cainnne dui mg ethei anesthesia with and with- 
out the pievious admimstiation of atropine and moiphme was studied, 
are supported by our expei iments In fact, then lesults aie moie 
striking than our own, but u r e consider that a study of the extent to 
which the secietion of noimal minaiy constituents aie aftectcd is moie 
illuminating than is the lesult obtained with mdigo caimine 

SUMMARY 

The effects of ether and moiphme acting separately and con- 
comitantly on the secietion of watei, uiea and chlondes by the kidneys 
have been studied The lesults appeal to be difficult to interpret on 
the basis of filtiation-ieabsoiption theoiy 

While, m geneial, when each of these substances acts alone kidney 
activity is diminished, it is shown that when they act concomitant!} the 
amount of secietion is gieatei than it is with ether alone Possible 
explanations foi this result aie suggested 

5 Stehle Bourne and Barbour J Biol Cliem 53 341 1922 Stride and 

Bourne J Biol Chem 60 17, 1924 

6 Stehle Am J Plnsiol 79 289, 1927 

7 Haines, W H , and Milhken, L F Renal Function Results of Experi- 
mental Work with Morphine and Atropin J \ M A 85 1853 (Dec 12) 1925 



THE RELATION OF THE REACTION TO EPI- 
NEPHRINE TO THE POTASSIUM-CALCIUM 
RATIO AND OTHER RATIOS * 


W F PETERSEN, MD 
S A LEVINSON, MD 

AND 

SERGUIS ARQUIN, MD 

CHICAGO 

During the couise of investigations dealing with a coi relation of skin 
reactions with the blood chemistiy and ceitam cai diovascular renal leac- 
tions, we have had occasion to study the effect of subcutaneous injections 
of epmephnne on the blood piessuie of one hundied so-called “noimal” 
men, as well as on about fifty patients who weie ill fiom vanous diseases 
(glaucoma, exophthalmic goitei and othei conditions) It is our pui- 
pose to entei into an analysis of these conelations m this papei 

It is agieed we believe, that the onginal efforts of Eppmger and 
Hess 1 to classify all peisons into gioups that weie vagotonic or sym- 
pathicotonic proved unsatisfactory, indeed confusing Theie is no doubt 
that the emphasis placed on the study of the autonomic leactions of the 
patient has conti lbuted immensely to the concept of the underlying fac- 
tois of a numbei of disease conditions, but this study has added, foi the 
time being at least, much unceitamty as well Some of the confusion 
is due to the earlier concept that the autonomic appaiatus consists 
meiely of an equihbiated neivous mechanism with antagonistic impulses, 
to the phaimacologic aspect which has piobablv not infiequently failed 
to distinguish between direct piotoplasmic action and selective action of 
the so-called autonomic diugs, to the fact that the cardiovascular 
response to epinephrine, for instance, need not be a cutei ion of its 
effect on othei tissues The gieat dependence of the leaction of indi- 
vidual oigans 01 tissues on then state of activity when the autonomic 
impulse might become operative , the unpoi tance of the endocrine and 
humoial ionic milieu has been almost whollv disiegaided We seem 
wari anted in believing at piesent that the ongmal idea of Eppmger and 
Hess as to a one-sided prepondei ance of either the vagus 01 sympathetic 
nerve is incorrect, indeed, that when alteiations do occur m the 
autonomic appaiatus, both vagus and sympathetic neives are involved, 
that when an apparent ovei balance exists overcoi 1 ection is usuallv 

■* From the Department of Pathology, University of Illinois, College of 
Medicine and the Research Laboratory of the Municipal Tuberculosis Sanitarium 
1 Eppmger, H , and Hess, L Ztschr f khn Med 68 205, 230, 1909 
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appai ent either m the organ or in remote regions and th.it we deal not 
meiely with an autonomic appaiatus as such, lint with moic fundamental 
alteiations in the cells of the otgans, changes intimately associated with 
stimulation or lest, fatigue 01 even death 2 

Partly as a lesult of the indefinite clinical obsenations which li.ru 
been associated with the so-called vegetatne ncuioses, clinicians in gen- 
et al make little use of the tests designed to elucidate the picpondeiancc 
of eithei vagus or sympathetic influence except in the stud\ of the 
cardiac leactions But in recent years the study of the electioBtcs of 
the body, originating with Loeb and earned out m clinical dnections 
paiticularly by the Ktaus school 3 4 (Zondek, Amoldi Wollheim, Diesel, 
Kylm) and others, has indicated the intimate connection between the pi e- 
sumptive autonomic leactions, the electiolyte balance and the hoimones 
Kylin, in paiticulai, has devoted consideiable time to the coi relation of 
these alteiations m the blood chenustiy in asthma, hypeipiesis diabetes 
and othei conditions to the reaction of epmephime 1 

As stated in the foregoing paiagiaphs, our matenal consisted, fiist 
of a group of one hundied normal peisons Of these, about tyvent) w r eic 
laboiatory woikeis, the lest yvete men sent to us fiom an emploMucnt 
bmeau They were noimal m the sense that they yvete not patients and 
that they gave a cross-section of a male yvoiking population of van mg 
ages On closei anal) sis, hewevet the gieat majority weie b) no means 
absolutely noimal Of the total number, twenty-six wei e appai entlv 
noimal m eveiy sense, thirteen w r eie appai entl) normal, but a yvcll 
defined healed paienchymal tubeiculosis was levealed bv loentgen-iav 
examination Then theie w^eie those cases in which active pulmonary 
tubeiculosis was made probable by the l oentgenogi am the cases with a 
positive Wasseimann reaction, the markedly neivous peisons, and a large 
group of persons who levealed caidiovascular-ienal alterations, as shown 
by the blood piessuie, roentgen-rav examination of the heait and large 
vessels, obseivations on the urine, nucioscopic examination of the capil- 
laries of the skin, etc 

2 Because of the confusion resulting from the conflicts between anatomic 
nomenclature and classification of the autonomic nenous apparatus and the 
pharmacologic methods of anahsis, Muller and one of us (W F P ) ("Arch 
Int Med 40 575 [Nov] 1927) have used the term sympathetic status to denote 
organ activity' associated with contracted vessels (i e usually tissue rest), while 
we have used the term parasympathetic status to denote tissue actniH v hen the 
vascular channels are dilated (i e, with stimulation of an organ) This is, of 
course, a purely' functional point of new hut one which we belieee a\ou!s certain 
of the present difficulties 

3 Kraus, F in Zondek S G Die Elektrolyte, Ihrc Bedcutung fur Pln- 
siologie, Pathologie und Therapie, Berlin, Julius Springer 1927 

4 Kylin, E Acta med Scandinay 66 197-206 1927 
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To this so-called normal matenal, there has been added a gioup of 
forty-nine patients fiorn the wards of the Research Hospital As so 
constituted there were 

Normal persons 26 

Normal, with healed parenchymal tuberculosis 13 

39 

Cardiovascular renal abnormalities 68 

Among these were 7 with glaucoma 

5 with active tuberculosis 
2 who were nervous 
1 with syphilis 
1 with urticaria 
1 with angioneurotic edema 


Nervous or neuresthemc 9 

Angioneurotic edema 1 

Syphilitic 5 

Tuberculous 5 

Exophthalmic goiter 7 

Eczema 2 

Epilepsy 1 

Schleroderma 1 

Myasthenia gravis 1 

Urticaria 1 

Heart disease 1 

Epidemic encephalitis 1 

Cancer of the thyroid 1 

Glaucoma 2 

Bronchitis 1 

Feminine type young male 1 

Dwarf 1 

Tumor of the brain 1 

Total 149 


With some unavoidable degiee of arbitianness, we have divided these 
pel sons into ten groups according to the reaction of the systolic blood 
piessure following the subcutaneous injection of 0 5 cc of a 1 1,000 
dilution of epinephrine In the individual cuives which are presented, 
the systolic blood pressure curve for one horn after the injection is 
shown 

The first five groups can be regarded as sympathetic m character 
Seventy-six persons aie lepiesented m these gioups 

The second series can be classified as parasympathetic, in that either 
the reaction was negative, or showed a depressor action, either pnmaiy 
or permanent There wei e seventy-three in these groups 
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In examining the charts and tables, it may lie of intei est to note that 
so-called normal persons are found m both the sympathetic and the para- 
sympathetic groups, but there are more m the sympathetic gioups No 
normal person has responded with a marked or persistent fall m blood 
pressure It may also be of intei est to note that twice as many of the 
extuberculous persons (as shown by roentgen-rav examination) are to 
be found m the sympathetic groups 

In table 3 are presented the averages of results of the observations 
in the ten groups for the various examinations that veie made on the 
persons examined 

Tabll 1 — Gioup of Pei sons Who Give Sympathetic Reactions 



Number In 


r\ 

Curdioc aspular 

Group 

Group 

Tjpe of Reaction 

Normal 

Tubeiculosit 

R' n ll Disease 

1 

1C 

Immediate and sustained increase 

1 

O 

0 

II 

10 

Immedi ite increase, not sustained 

* 

0 

S 

III 

n 

Slow, sustained increase 

f> 

> 

0 

IV 

10 

Slow ri c e, not sustained 

2 

1 

7 

V 

10 

Slight increase 

0 

? 

0 

Total 

70 


n 

9 

0 


Tabix 2 — Gioup of Pei sons Who Give Pai asympathctic Reactions 


Number in 


r\ 

Curdioc ascular 

Group 

Group 

'Xype of Reaction 

Xormal 

Tuberculosis 

Renal Disc i‘f 

VI 

24 

Slight oecrease 

4 

1 

11 

VII 

14 

More marked, =low decrease 

r> 

0 

h 

VIII 

14 

First re iction down, recoaerj 

> 

0 

4 

IX 

11 

Similar to VIII 

O 

cJ 

2 

I 

X 

10 

More marked pnmarj drop, rcco\er> 

1 

i 

4 

lotal 

73 


11 

i 

2 


In table 4 A, the averages for the sympathetic gioups (I-V) and 
the parasympathetic groups (VI to X) aie shown In these summaries, 
it will be noted that (1) the amount of serum calcium and potassium is 
increased m the sympathetic group, but the ratio lemams unchanged, 
(2) the albumin-globulin ratio is lower in the sympathetic gioup, (3) 
the Kromay r er time is somewhat prolonged, (4) the electiical resistance 
of the skin is higher, (5) the reactions to epinephrine (as computed 
mathematically) aie, of course, higher in the sympathetic group, (6) the 
subjects are proportionally lighter in weight 

As there are relatively many nomeactive peisons in each group, we 
have narrowed the selection of the material to the gioups more strikingly 
different, and for this purpose have taken groups I II and III for the 
sympathetic and groups VII and X for the parasy mpathetic ty pes The^e 
gioups contain fifty and twenty-four persons, respectively 
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In table 4B, it will be noted that the sympathetic group becomes 
more permeable, remains high in calcium and potassium content and 
retains the other differences previously noted In addition, differences 
make their appearance m blood pressure, m the reaction to ice and m 
the red flare of the skm reactions 



Fig 1 — Graphic records of systolic blood pressure of sympathetic groups 
Numbers at the right indicate the patient’s number The abbreviations at the left 
indicating diagnosis, represent the following N, normal , &N, normal but 
roentgen-ray evidence of healed parenchymal tuberculosis, C V R , cardiovascular 
renal complication, Gl, glaucoma, Scl , scleroderma. Ex G , exophthalmic goiter, 
P , pellagra, S , sjphilis, N V S , nervous neuraesthenia , T B , tuberculosis, 
Ep , epilepsy, Ecz , eczema, Enc , encephalitis, M G, m> asthenia gravis, HG, 
Hodgkin’s disease, Uit, urticaria, Ang Ncu Ed, angioneurotic edema, H D , 
heart disease, N S , normal, sensitized, G , glandular, feminine type, Ca Thy, 
carcinoma thyroid, D , dvarf, F , fever, bronchitis 
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We can go one step farther and select ten of the outstanding cases of 
each senes and examine then a\erages The cases selected include the 
first ten of gioup I and the last ten of gioup VII The a\erage are 
recorded in table 4 



Fig 2— Graphic records of sjstolic blood pressure of ‘ parasympathetic groups ” 


We now have the outstanding gioup of contrasting peisons and 
can note that the sympathetic group is charactei lzed by (1) more per- 
meable skm capillaries, (2) a higher amount of calcium, but a lower 
potassium calcium latio, (3) a smaller proportion of albumin m the 



Table 3 — Aveiage Results of E laminations Made on Individuals in Ten Gtoups ’ 
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Tabu 4 — Avu ages foi Sympathetic and Pai Cisympalhclu. Gioups 
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serum, (4) a moie rapid leaction to the Kiomayei lamp, (5) a more 
sluggish muscle leaction, (6) a lowei blood piessure, (7) a lower 
carbon dioxide combining powei , (8) a slightly longei time befoie 
reaction to ice occuis, (9) a lower weight-length latio, and (10) 
apparently a slight diminution of the size of the moiphme and thyioxm 
wheal m the parasympathetic gioups and a somewhat less marked led 
flaie m the leactions to epinephrine, moiphme and thyioxm 

It will also be noted that m the moi e outstanding cases (m sympathetic 
as well as in the pai asympathetic gioup), the subjects aie older than 
the aveiage, and the pulse rate is higher, in neithei gioup aie theie 
absolutely normal pel sons 

RESULTS Or EXPERIMENTAL WORK 

Theie seems little doubt that the peimeabihty of the capillaries of 
the skin m the sympathetic group is mci eased The latio for twenty 
normal persons (38 3 yeais of age) was found to be 62 The latio m 
the groups m which the l eaction was sympathetic increased f l om 64 6 
to 65 and finally to 69, as the more marked cases (table 4 A, B, C) were 
selected This may have a direct i elation to the activity of the thyroid 
gland, for we find 5 6 that an increase m peimeabihty is one of the out- 
standing phenomena of exophthalmic cases, a featuie which is promptly 
influenced by thyroidectomy G 

Intel est during recent years has centeied about the possible relation 
of the vascular lesponse to epmephnne and the amount of calcium or 
potassium, or the potassium-calcium ratio Theie seems little doubt 
concerning the geneial association of calcium with sympathetic effect 
Thus injections of calcium chlonde mciease the blood sugai and make 
the ui me acid , potassium salts have the opposite effect Calcium 
increases the piessor effect of epinephrine, while potassium diminishes 
the effect Kylm finds that m patients with the lower potassium-calcium 
quotients, the pressor effect of epmephime is moie marked With 
quotients over two, almost eveiy patient examined gave a vagotonic 
reaction The hteratuie is leviewed both by K)lm and by Zondek, so 
that we shall not discuss it at this time 7 

In the examinations that we have lecoided, it is fiist of all ajipaient 
that the entire sympathetic group has a somewhat higher calcium level, 

5 Petersen, W F Arch Int Med 39 19 (Jan ) 1927 

6 Petersen, W F , Seed, L , and Levinson, S A Arch Int Med , to be 
published 

7 Our calcium values for normal subjects are 9 7, potassium, 20 3 the 
potassium-calcium ratio, 2 1 
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the difference between the sympathetic and paras) mpathetic gioups 
increasing as the more maiked cases are selected as shown m table 4 


(a) Sympathetic 

10 2 


Parasympathetic 

99 Difference 

01 

( b ) Sympathetic 

10 1 


Parasympathetic 

9 7 Difference 

04 

(c) Sympathetic 

10 S 


Parasympathetic 

9 6 Difference 

1 2 


The corresponding potassium aveiages and the potassium-calcium 
ratios are also shown m table 4 




Potassium-Calcium 


Potassium 

Ratio 

(a) Sympathetic 

20 

197 

Paras> mpathetic 

19 7 

2 

( b ) Sympathetic 

20 5 

2 03 

Parasympathetic 

19 6 

2 02 

( c ) Sympathetic 

18 8 

1 74 

Parasympathetic 

19 8 

204 


Only m the extreme cases of the “sympathetic” type is there an asso- 
ciation of a low potassium-calcium ratio with the sympathetic effect, and 
in the individual cases theie are many conflicting lesults This can also 
be noted m the calcium, potassium and the potassium-calcium ratio foi 
the first three groups m table 3, all of -which are stiongly sympathetic 
m leaction Here the first group (immediate and persistent systolic 
rise) has a ratio of 1 8, the second group (immediate rise, folloived by a 
fall) a ratio of 2 08, while the third group (slow' but continuous rise) 
has a ratio of 2 22 It would be attiactive to postulate that these diftei- 
ences m types of leaction are associated with the differences in the ionic 
balance, but -we should be hesitant in drawing such a conclusion for the 
following reasons 

The calcium (and potassium) of the seium may reach an identical 
level under diverse physiologic states of the tissue There may be a 
hypercalcemia when calcium is leaving the tissues and increasing in the 
serum On the other hand, a hvpei calcemia may exist when there is a 
current m the opposite direction when calcium excess is being offered 
the body, and when both the serum and the tissues ma} consequent!} be 
saturated Under such conditions the reactions of the tissue cells may 
be diametrically opposite but the calcium level is the same in both 
instances Similar conditions may hold foi the potassium Ie\el We 
have discussed the constant shifting of the calcium and potassium values 
as observed in previous experimental infections 15 We must further 

8 Petersen, W F , Muller, E F, and Milles, G Ztschr f d ges e\per 
Med 60 336, 192S 
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keep m mind that the ionic effect of the calcium may be quite different 
from that indicated by the total calcium concentration 

It is cunous that there is piactically no difference m the levels of the 
sugai content of the respective groups We might anticipate that the 
sugar level of the sympathetic senes would be higher This m itself is, 
we believe, additional pi oof that the concept of a uniform sympathetic 
onentation of the individual does not exist These patients may have a 
gi eater lesponse of their vasculai musculatuie, but the hepatic sugar 
mechanism has not been altered 

Theie is evident throughout a lesser amount of globulin m the 
paiasympathetic senes Table 4 shows the following ratio m 


the tlnee senes 

(a) Sympathetic 201 

Parasympathetic 2 26 

( b ) Sympathetic 184 

Parasympathetic 2 15 

( c ) Sympathetic 2 1 

Parasympathetic 2 34 


The noimal latio is around 2 22 

The aveiages foi the appearance time of the erjthema following 
u radiation by the Ki omaj er lamp ai e conflicting The avei ages for the 
laigei gioupmgs, 4 A and B, indicate that the swnpathetic groups are 
somewhat less lesponsive, the figuies being 


(a) Sympathetic 
Parasympathetic 

( b ) Sympathetic 
Parasympathetic 


2 hours 
1 8 hours 
2 05 hours 
1 64 hours 


When the most maiked gioups are taken into consideration, the 
figuies are 

(c) Sympathetic 1 6 hours 

Parasympathetic 1 7 hours 

indicating merely that the lesponse is m geneial moie lapid m both 
gioups than m the noimal person 

Practically no diffeiences exist m the basal metabolic lates for the 
two groups 

The sympathetic gioup has m geneial a lnghei skin tesistance 
(electncal), but when the most maiked group (C) is examined, this 
difference is not found 

A distinct difference seems to make its appeal ance m the electrical 
reactivity of the muscles This is apparent if one compares the normal 
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reaction of the muscles — 3 7 milliampeies (cathodal closing contraction) 
to the group avei ages as shown in table 4 


(a) Sympathetic 3 4 nln 

Parasympathetic 3 1 ma 

( b ) Sympathetic 3S ma 

Parasympathetic 3 ma 

(c) Sympathetic 4 ma 

Parasympathetic 2 3 ma 


As the parasympathetic gioup is in geneial inclined towaid alkalosis, 
the increased muscular instability evident in the gioup is m accoid with 
the difference in carbon dioxide combining powei 

The blood pressure, as might be anticipated fiom the known effect 
of epmephnne on the aveiage hypertonic case, shows a distinct mciease 
foi the paiasympathetic groups, as shown in table 4 


(a) Sympathetic 123/66 

Parasympathetic 122/69 

( b ) Sympathetic 121/66 

Parasympathetic 133/69 

(c) Sympathetic 123/70 

Parasympathetic 140/75 


The pulse rate increases in the final gioup, in which the most abnoi- 
mal persons ai e included Thei e is no appi eciable diffei ence between the 
sympathetic and paiasympathetic gioups 

The most marked (C) group would indicate a lower carbon dioxide 
combining power for the sympathetic gioup This is indicated in gioup 
(B) as well, while the figuies for the laiger senes (A) leveal no diffei - 
ences It is geneially assumed that the sympathetic status involves 
acidosis 

The reactivity of the capillaries to ice seems somewhat lessened m the 
pei sons m the sympathetic gioup While the response of those in the 
laige group (A) is alike, the (B) gioupmg indicates a diffeience of 
1 4 seconds, and m the (C) gioupmg this is increased to thiee seconds 
The geneial slowing up of the leaction fiom A to C is piobably asso- 
ciated with the advancing age, which increases fiom an aveiage of 45 
to 51 yeais 

The diffeience between the two groups appaient m the weight-length 
latio begins m the A group and pi ogi esses, the differences being 0 16, 
0 18 and 0 23 m the thiee gioups This diffeience seems to be quite 
conclusive 

It is generally assumed 9 that cholesteiol diffei ences are of some 
impoi tance in constitutional differentiation Our figuies fail to reveal 
any sti iking changes in the groups examined 

9 Mjassmkow Ztsclir f klin Med 105 22S 1927 
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The individual leactions of the various phai macologic agents used for 
the skin reactions show considerable latitude, particularly m the case of 
the led flaie that appears in response to thyioxm and caffeine, so the 
lesults must be interpreted with considerable caution 

COMMENT AND SUMMARY 

If we now seek to interpret our observations, we must consider them 
m terms of the noimal and peihaps compaie them to observations made 


Table 5 — Results foi Noimal Pci sons and for Sympathetic and Pai asympathetic 
Cases and Cases of Ei ophthalmic Goitci 



Xormal 

Par isympathetics 
Table 4 C 

Sj mpathetics Exophthalmic 


Persons 

Table 4 C 

Goitei 

> umber in group 

20 

10 

10 

12 

Blister time 

G 8 

77 

7 7 

54 

Permeability 

G2 

G4 7 

GO 

72 

Inflammatorj index 

<13 

S3 

9 

13 3 

Calcium 

97 

9G4 

10 S 

10 5 

Potassium 

20 3 

19 S3 

IS S3 

211 

Potassium Calcium ratio 

21 

2 04 

1 74 

203 

Sugar 

72 S 

71 

72 0 

£S 

Albumin globulin r itio 

> 22 

2 34 

21 

179 

Eromeyer time (minutes) 

no 

117 

103 

103 

Basal metabolism 


10 9 

10 4 

4S 

Skin resistance 

033 

0 43 

0 41 

023 

Muscle reaction 

37 

23 

4 

2 S 

Carbon dioxide combining power 

37 G 

57 7 

74 G 

542 

Blood pressure 

11G/70 

140/73 

123/70 

140/70 

Pulse pressure 

4G 

05 

53 

70 

Pulse rate 

GS 

so 

so 

102 

Reaction to epmepbnne 

P P in per cent 

19 G 

—1 3 

21 4 

19 

P P x P R m per cent 

2SG 

0G 

2G7 

33 7 

Reaction to ice 

14 5 

20 

23 

10 

Weight-length ratio 

224 

229 

21 » 

201 

Cholesterol 

222 

21S 

2C9 

203 

Epinephrine wheat (mm ) 

21 

20 

19 4 

16 

Epinephrine flare (mm ) 

9 3G 

S 34 

94 

10 6 

Morphine wheat (mm ) 

11 7 

10 2 

10 G 

114 

Morphine flare (mm ) 

1G 3 

13 2 

13 2 

116 

Thyroxin wheat (mm ) 

11 G 

11 4 

12 

10 4 

Ths roxm flare (mm ) 

5 4") 

32 

4 

4 6 

Caflein wheal (mm ) 

17 9 

19 2 

21 

15 2 

Caffein flare (mm ) 

3 

24 

26 

1 

Age 

40 2 

50 

5° 

39 


in a disease condition in which sympathetic overbalance has been fre- 
quently suggested, mainly that of exophthalmic goiter We have 
tabulated the most important results for normal persons, for our out- 
standingly contrasting sympathetic and parasympathetic cases, and for 
cases of exophthalmic goiter 10 

10 Exophthalmic goiter by no means represents a purely sympathetic over- 
balance, the autonomic manifestations are obviously mixed m character (Eason, 
J Exophthalmic Goiter, Edinburgh, Oliver & Boyd, 1927) 
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Thus it becomes apparent that the s) mpathetic group approaches the 
exophthalmic goiter m permeabiht), in high calcium concentration, in 
shortening of the Kromajer time, in relatne acidit}, in response to 
epimphrme, m weight-length ratio and m relatively low cholesterol 
content This group approaches the paras) mpathetic group, on the other 
hand, in the electrical response, as well as m the higher s)stolic blood 
pressure 

Chart 3 illustrates the relatne skin reactions noted m table 4 

An anal) sis of the reaction to ephinephrme has been marie on 100 
so-called normal persons, as well as on about fifty patients In conti a*t- 



Fig 3 — A\erage wheal ("white) and flare (black) following mtracutancous 
injection of ephinephrme, morphine, thyroxin and caffeine into normal persons, 
patients with exophthalmic goiter and the s> mpathetic and parasympathetic 
“groups” (4 C) 

mg the outstanding s\ mpathicotonic cases with the outstanding vago- 
tonic cases, the averages indicate that the s> mpathicotonic group diffets 
m that the members of the group have more permeable skin capillaries, 
a lower potassium-calcium ratio, more globulin a lower carbon dioxide 
combining power and a lessened muscular electrical reactn it) The per- 
sons weigh less and have a lower blood pressure 

Comparative data are also presented for trwent) normal person* 
twelve patients with exophthalmic goiter and the most marked s\ mpath- 
icotonic and \agotonic type* 


PANCREATIC FUNCTION 

I THE QUANTITATIVE ESTIMATION OF PANCREATIC SECRETION * 

SEIZABURO OICADA, MD 
EIICHI SAKURAI, MD 
TSUNAMOTO IMAZU, MD 

AND 

KWANICHI KURAMOCHI, MD 

TOK\ 0, JAPAN 

The \alue of the quantitative estimation of pancreatic function is 
appaient Interest in panel eatic function realty goes back to the time 
when Emhorn introduced the duodenal tube 1 Pievious to that time, 
panel eatic functional tests depended on examinations of the feces, which 
veie maccuiate In these examinations, when many striated muscle 
fibeis, steatouhea and fatty acid ci\stals aie found, theie is geneially 
pronounced dysfunction of the pancreas Other conditions than pan- 
el eatic disease ma) give positive obsei vations, and often, in distinct 
panel eatic involvement, the feces tests yield normal leactions, owing to 
the fact that the enzyme actmt} of intestinal bactena has supplanted 
deficient panel eatic secretion The Schmidt test , 2 Kasluwado's modifica- 
tion 3 and Emhorn’s head test 1 show also only extreme dysfunction of 
the pancreas in cases in which the obsei \ations are positive The tests 
of enzymatic activity in feces as suggested by Gioss 3 aie also more or 
less inaccurate, piobably more often maccuiate than accuiate The oil 
legurgitation method of Bold} reft 0 and Volhaid 7 is not practical A 

-•'From the medical clinic of Prof R Inada, Imperial Um\ersit 3 r of Tokyo 

1 Emhorn, Max Ueber Gen mining von Duodenalmhalt beim Menschen, 
Berl khn Wchnschr 47 522, 1910 

2 Schmidt, A Die khnische Bedeutung der Ausscheidung von Fleischresten 
mit dem Stuhlgang, Deutsche med Wchnschr 25 811, 1899 

3 Kashnvado, T Ein Beitrag zur Kernverduung mid eine Vereinfachung 
der Schmidt’schen Kernprobe zur Erkennung \on Pancreasachvlie, Deutsches 
Arch f khn Med 104 584, 1911 

4 Emhorn, Max, cited by Aaron, C D Diseases of the Digestive Organs, 
1921, p 129 

5 Gross, O Zur Funktionsprufung des Pankreas, Deutsche med Wchn- 
schr 35 706, 1909 

6 Boldyreff, W Der Uebertritt des naturlicben Gemisches aus Pankreas- 
saft, Darmsaft und Galle in den Magen, Arch f d ges Physiol 121 13, 1907 

7 Volhard, F Ueber die Untersuchung des Pankreassaftes beim Menschen 
und eine Methode der quantitativen Trj'psinbestimmung, Munchen med Wchn- 
schr 54 403, 1907 
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senes of methods was devised m which the duodenal tube was used and 
in which the three feimenls of the duodenal contents w-ere estimated 
Objections weie made that the duodenal contents while the patient is 
fasting often show low' enzymatic activity 01 that the amount is too 
scanty to permit satisfactory analysis, notwithstanding the fact that the 
panel eas is not involved Seveial stimulants foi panel eatic seuction, 
such as bouillon, hydiochlonc acid, ether, cieam and peptone, thus weie 
applied by vanous woikeis Aftei an injection of these stimulants 
through the tube into the duodenum, the duodenal leturn w r as aspnatcd 
at an aibitiaiy penod, and the enzymatic actmty was estimated Cnti- 
cism of any of the panel eatic quantitative tests is common, how- 
ever, on the basis that a quantitative test of panel eatic enzymes could not 
be accuiately earned out It was pointed out that the piesence of a 
consideiable amount of saliva, gastric juice and biliaiy secietion so 
diluted the duodenal contents that an accuiate quantitatn e study of the 
panel eatic ferments could not be made In leality, on the one hand, 
great enzymatic activity is sometimes detected when the panel eatic seci e- 
tion is scanty, while, on the othei, little activity is encounteied when the 
secietion is profuse, as the consequence of dilution with the pieviousl) 
mentioned fluids This shows that the methods hitheito applied as 
quantitative tests encountei theoietical as w r ell as leal objections We 
have caiefully consideied this point and have dewsed a method which 
enables one to make a lehable and accuiate estimation of the panel eatic 
function 

METHOD 

Early in the morning when the stomach is emptv, the tip of a duodenal tube 
Is passed into the duodenum, and the position of the tip is iciified by fluoroscopic 
examination After some experience it is usually recognized without fluoioscopic 
examination that the tip lies in the duodenum The tip of the tube usualh w 
found at the lowest part of the second portion of the duodenum When the tip 
of the tube is found at the bottom of the stomach, it can often be manualh 
pressed from the stomach into the duodenum under fluoroscopic inspection After 
passing through the pylorus, the tip usually proceeds quickly to the lowest part 
of the second portion of the duodenum and stays there almost permanenth, so 
that it is found at almost the same place before and after three hours collection 
of the duodenal contents The duodenal contents are collected under constant 
suction by means of a syringe For this purpose, it is important that the met d 
tip of the tube be provided with a wide hole at the top (3 5 mm or more in 
diameter) and many small holes at the side wall, otherwise the holes can easih 
be filled by mucous clots Suction of the duodenal contents is per- 
formed under a condition of fasting, or several kinds of stimulants are injected 
through the tube into the duodenum and five minutes allowed for them to pas*- 
her ond the duodenum, then the duodenal return is aspirated b\ suction with a 
syringe Sulphuric ether (usually 3 cc), 10 per cent alcohol (30 cc ) distilled 
water (30 cc), 0 2 per cent hydrochloric acid (30 cc ) etc, are used as stim- 
ulants The outflow of the duodenal return is usually copious at first after the 
injection of the stimulants but the amount as well as the enz} matic actmty 
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varies greatly m a short period not only in different but also in the same persons 
In fractional collections, the fluctuation of the enzymatic activity is especially 
obvious Owing to the presence of a considerable amount of saliva, gastric juice 
and biliary secretion, the duodenal contents are so diluted that a quantitative study 
of the pancreatic ferments is not accurate unless the amount of the fluids is 
taken into consideration The vital point of our method consists in the multi- 
plication of the degree of enzymatic activity by the amount of the duodenal 
return in cubic centimeters in exactly fixed time , the product of the multiplication 
is then expressed in units of pancreatic enzyme efficiency It is most important, 
however, to know what proportion of the secreted fluids into the duodenum might 
be secured by suction To solve this question two duodenal tubes are tied 
together so that the one tip follows the other After it is ascertained that both 
tips he m the duodenum, a measured portion of water with phenolphthalein 
(to 100 cc of distilled water is added 1 cc of 1 per cent alcoholic solution of 
phenolphthalein) is passed through one tube into the duodenum, and the return 
is collected by another with constant suction After the original solution as well 
as the duodenal return is alkahnized and when the color is completely developed, 
the color is measured with the Duboscq colorimeter, and the amount of fluid 


Table 1 — Results Obtained in Constant Suction Method of Rccovciy 

of Duodenal Contents 


Number 

Amount 
of Poured 
Solution, 

Cc 

Amount of 
Duodenal 
Betum, 

Cc 

Calculated 
Amount of 
Rccov ered 
Pluid, Cc 

Bile Pigment 
(Meulengrncht) 

Recovered 
Amount, 
per Cent 

1 

22 

24 8 

21 1 

4Sx 

9G 

2 

22 

2G3 

21 tr 

22 x 

9S 

3 

22 

21 S 

20 G 

19x 

94 

4 

22 

212 

219 

4 3x 

99 


recovered is calculated When the duodenal return is stained distinctly with bile, 
the color changes after alkalinizing, so that it is necessary also to add a portion 
of bile to the original solution to obtain the same color and to make it favorable 
for comparison 

The results in table 1 show" that from 94 to 99 per cent of the solution poured 
into the duodenum can be recovered by constant suction, indicating that the 
method is reliable for the quantitative collection of the duodenal contents 

The amount of the duodenal contents aspirated in a short period, as w'ell as 
the degree of enzymatic actiuty, varies greatly whether stimulants are used or 
not, an hour’s collection is also variable, a tw"o hours’ collection is somewhat 
compensating, and a three hours’ collection is much more reliable and gives 
consistent results To make more than a three hours’ collection is not practical 
and is inconvenient for both the patient and the examiner Therefore, w r e choose 
the three hour method The enzyme activity is estimated at every hour or every 
half hour period and summed up 

As the test of enzymatic activity we apply" the Gross casein method s for trypsin, 
Okada’s colorimetric method 8 9 for amylase and Rona-Michaehs’ tributyrin 

8 Gross, O Die Wirksamkeit des Trypsins und eine einfache Methode zu 
lhrer Bestunmung, Arch f exper Path u Pharmakol 58 157, 1906 

9 Okada, S , unpublished 
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method 10 for lipase, each with some modifications The entire procedure is ^ 
follows 

Estimation of Tiypsm — The reagents are (a) casein solution— 0 1 Gm of 
casein Rhenama and 01 Gm of sodium bicarbonate are dissohcd m dist.llcd 
water by heating under constant stirring and after cooling brought to exactly 
100 cc , ( b ) phosphate mixture— hundredth molar primary sodium phospl ate, 
fiftieth molar secondary sodium phosphate and 8 5 Gm of sodium chloride arc 
dissolved in distilled water and made up to exactly 1,000 cc , the /> n of tins 
solution is 7 8, (c) acetic acid, alcohol solution — 50 cc of absohite alcohol, 2 cc 
of glacial acetic acid and distilled water up to 100 cc 

The procedure is as follows The duodenal fractions are diluted usually 100 
times with a phosphate mixture Into the six tubes CIO 5 by 1 2 cm ), in a r-ck, 
one should accurately pipet m succession, 1, 0 63, 0 4, 025, 0 16, 0 1 cc of the 100 
times diluted duodenal return and make up all tubes to 1 cc with phosphate mix- 
ture Then the tubes are placed in a w'ater bath at 3S C As soon as the contents 
of the tubes have been brought to this temperature, 2 cc of a 0 1 per cent solution 
of casein is added to each tube, the contents are mixed, and incubation is then 
carried out for exactly thirty minutes at 38 C After the incubation has been 
completed, 10 drops of a solution of acetic acid and alcohol are at once added to 
each tube, and one should w r atch to see in which tubes no trace of turbidity 
appears when the tubes are not stirred The last tube in the row' in v Inch 

turbidity appears shows that digestion is complete, and this tube is used for 

the calculation of enzymatic activity Thus, is obtained the enzymatic actiwt, of 
200, 320, 500, 800, 1,250 and 2,000 units When this actuity is low, 1 cc oi c-scin 

solution is used, or the duodenal return is diluted to ten times or less To 

show' the total enzymatic efficiency, we often use kilo-units By 1 kilo-unit of 
trypsin is meant the enzymatic actuity when 1 Gm of casein is completely digested 
in thirty minutes 

Estimation of Amylase — The reagents are (a) starch solution — 1 Gm of 
soluble starch (Merck) is dissohed in distilled water by heating until there is 
exactly 100 cc after cooling, ( b ) dextrose solution — 01 Gm of anhydrous and 
extra pure grape sugar (Merck) is dissohed in distilled w'ater, and the \olume 
is brought to exactly 100 cc , ( c ) 20 per cent sodium carbonate solution — 20 Gm 
of sodium carbonate is dissolved in distilled water until 100 cc is produced 

The procedure is as follows Three tubes (16 5 by 1 8 cm ) are placed in a 
rack Nine cubic centimeters of starch solution are accurately pipetted to the 
first tube, 9 cc of starch solution and 1 cc of distilled v ater to the second tube 
(control tube) and 10 cc of dextrose solution to the third tube Then the tubes 
are placed in a water bath at 38 C As soon as the contents of the tubes haie 
Deen brought to this temperature, 1 cc of the 100 times diluted duodenal return 
(same dilution as used in the estimation of trypsin) is added to the first tube, 
the content is mixed, and incubation is then carried out for exactly fifteen minutes 
at 38 C After the incubation has been completed, about 03 Gm ot dry tnnitro- 
phenol is at once added to the three tubes and thoroughly stirred, and each is 
filtered into a dry' test tube through a folded filter paper Fi\e cubic centimeters 
of the filtrate is pipetted into a test tube, 1 cc of a 20 per cent solution of sodium 
carbonate is added and the solution is thoroughly mixed and then placed in a 


10 Rona, P , and Michaelis, L Ueber Ester-und Fettspaltung 1 m Blute und 
lm Serum, Biochem Ztschr 31*345, 1911 Willstatter, R, and Memmcn, F 
Zur stalagmometrischen Bestimmung der lipatischen Tribute rinhy droly sc, Ztschr 
f physiol Chem 129 1, 1923 
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boiling water bath for fifteen minutes At this stage, the color is completely 
developed, though uninfluenced, by prolonged heating The solution is then cooled 
to room temperature, and water is added to bring the volume of the first tube up 
to from 30 to 100 cc , according to the depth of the color The volume of the 
second tube is usually brought up to 30 cc , and that of the third tube to 50 cc 
The solution is thoroughly mixed and compared m the Duboscq colorimeter, the 
solution of the third tube being used as standard Duplicate tests are desirable 
When the duodenal return is diluted 100 times, the units of amylase in 1 cc , for 
instance, are 



Diluted 

Colorimetric 


up to 

reading 


cc 

mm 

Tube 1 (main) 

70 

180 

Tube 2 (control) 

30 

17 8 

Tube 3 (dextrose) 

50 

20 0 


Then the main tube contains sugar when incubation is finished, 

20 70 

10 X — X — = 15 56 mg 
18 50 

and the control tube contains sugar 

200 30 

10 X X — = 6 74 mg 

17 8 50 

Therefore, the difference is 8 82 mg , which is produced by 1 cc of 100 times 
diluted duodenal return in fifteen minutes Consequently, 1 cc of the original 
duodenal return can produce sugar from soluble starch to the amount of 882 mg 
in fifteen minutes, and the degree of the amylolytic activity of this duodenal 
return is 882 We also often use kilo-units By 1 kilo-unit is meant the enzymatic 
activity in the production of 1 Gm of sugar from soluble starch in fifteen 
minutes 

Estimation of Lipase — The reagents are (a) saturated tributyrm solution — 1 
drop of tributyrm (Kahlbaum) is added to 100 cc of distilled water and thor- 
oughly shaken, left for a da> at room temperature and then filtered through wet 
filter paper, (b) regulating solution — 19 paits of third molecular secondary 
sodium phosphate (Na;HP0 4 -j-12H.0) and 1 part of third molecular primary 
potassium phosphate (KH 2 P0 4 ) are mixed, the pn of this mixture is 78, ( c ) 
adequately diluted duodenal return — to 1 cc of the duodenal return is added from 

1 to 2 drops of blood serum following the procedure of K Gyotoku to make the 
enzyme activity tenable, then it is diluted usually from 100 to 1,000 times with 
glycerol, which has previously been diluted with an equal part of 1 per cent 
ammonium phosphate, se\eral provisional determinations being made until 1 cc 
of the diluted solution contains about 1 unit of enzyme 

The procedure is as follows To 1 cc of diluted duodenal return is added 

2 cc of phosphate mixture and 57 cc of saturated tributyrm solution, and an 
estimation is made every fifteen minutes for one hour, using Rona-Michaehs’ 
drop-pipet With this drop-pipet distilled water is measured, it counts 
seventy-seven drops at from 20 to 23 C , with an increase of approxi- 
mately two drops for every 10 degrees of rising temperature and a decrease of one 
drop for every 10 degrees of falling temperature When the saturated tributyrm is 
measured, the number of the drops is 116 at from 20 to 23 C, with an increase of 
approximately three drops for every 10 degrees of rising temperature and a 
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decrease of one drop for every 10 degrees of falling temperature Troni lour 
estimations a curve is produced, and the number of drops at fift\ minutes is 
calculated By 1 unit of lipase is meant an enzymatic actnitv when the decre isi 
in the number of the drops is twenty m fifty minutes, i e, about hall the differ- 
ence between saturated tributyrin solution and pure water 

Estimation of Bile Pigment — Meulengracht’s bilirubin colorimeter foi blood 
serum is used One tenth gram of potassium bicln ornate is dissolved m 1 000 cc 
of distilled water and two drops of dilute sulphuric acid is added A glass tube, 
1 cm in diameter, is filled with this solution, closely stoppered and used as 
standard, 1 cc of the duodenal return is pipetted in a graduated glass tube ot 
the same diameter as the standard tube and diluted with ph} siologic sodium 
chloride solution till it matches the color of the solution in the standard tube 
The depth of the color of the standard solution is checked with pure bilnubiii 
solution in chloroform and found to correspond with a 700,000 times dilution 
of this 

All the patients used m the experiments weie adults who had been 
under caieful obseivation in the hospital Most of them showed only 
mild clinical symptoms, such as constipation and neui asthenia, and t\cie 
thought to be fiee from panel eatic involvement The data mentioned 
heie, therefoie, might be legal ded as having been obtained m nonnal 
persons 

RESULTS 

In geneial, the secietion is piofuse immediately aftci the injection of 
the stimulants into the duodenum, so that the total enzjme efficiency is 
usually high m the first horn, but this is not always the case The out- 
flow of the duodenal return usually is intei mittent oi lhjthnuc, even 
when the secretion is profuse Sometimes there is an intei \al of moie 
than thuty oi sixty minutes in which no tiace of secietion is seen, lesult- 
mg again m a profuse secietion When the outflow is collected fi action- 
ally every thuty minutes, the fluctuation is obuous, a fact which shows 
that the data obtained dui mg short penods give but little mfoimation as 
to panel eatic activity It is necessaiy to adopt the suction to the pi ogress 
of the secietion and not to give much powei when there is no secietion, 
othei wise, it is likely to injure the duodenal wall and even cause leakage 
of the blood Disagreeable by-effects, such as burning pain of the epi- 
gastnum, paleness of the face, syncope and headache aie often encoun- 
tered when ethei is injected into the duodenum, but they aie of shoit 
duiation Alcohol also causes diunkenness m some patients Hjdro- 
chlouc acid and watei do not cause any b} -effects No direct lelation 
exists between the depth of the color of the duodenal return and the 
concentration of the enzyme, though high enz\ matic actn it\ is usualh 
encountei ed when the fluid is deep coloi ed Sometimes a colorless fluid 
is encountered when tlieie is a l datively high degree of enz> matic 
activity (foi example, m K IT [table 2] the fraction of the duodenal 
leturn fiom thirty minutes to one hour aftei the injection of oO cc of 
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distilled watei into the duodenum was amount of the fluid, 29 cc , 
degree of tiypsin, 400, degree of amylase, 922, and degree of lipase, 228) 
A slight or neaily absent enzymatic activity and a great concentration of 
bile pigment aie usually pathologic The stimulating powei of ether on 
the pancreatic secretion, as suggested by Katsch and Fnednch, 11 is well 
known But m pioducing fistulas of the pancreas in dogs by morphine 
anesthesia, and injecting ethei, alcohol and hydiochlonc acid into the 
duodenum one after anothei, we found that ethei and alcohol do not 
cause any secietion of the pancreatic juice, while hydrochlouc acid always 
causes a profuse secretion Theiefoie, the stimulating power of ether 
and alcohol m human subjects is but leflex in natuie and has nothing to 
do with the mechanism of secietm 

A geneial survey of the lesults is shown m table 2 
A more detailed desci ljition is necessai y in ordei that the results may 
be analyzed 


Table 3 — Enzymatic Efficiency of the Duodenal Return in a TJtice Homs’ 
Collection with and Without Stimulants 


Stimulants 

Amount of 
Duodenal 
Return, Cc 

Trypsin, 
Kilo Units 

Aimlase, 
Kilo Units 

Kipnse, 
Kilo Units 

Bile 

Pigment, 

Mg 

None 

115 7 

OS 5 

100? 

102 0 

124 

Alcohol 

100 0 

71 1 

07 S 

125 2 

15 2 

Etlier 

131 5 

01 0 

131 2 

HOC 

ISO 

Water 

1157 

01 1 

181 S 

1171 

15 4 

Hydrochlouc acid 

170 5 

£5 C 

101 S 

201 0 

101 

Average 

123 0 

70 1 

ir>o 

1510 

14 9 


Enzymatic Efficiency of Thicc Hows’ Collection by Vauous 
Stimulants — As stimulants we used 30 cc of alcohol (10 pei cent), 3 cc 
of ethei and water and 30 cc of hydiochlonc acid (0 2 pei cent), and 
compaied the lesults with those obtained without stimulants The aver- 
age results aie shown m table 3 It is seen that alcohol, ether and water 
have little, if any, influence on the enzymatic efficiency in a three hours’ 
collection, alcohol tending to deciease slightly on amylase and lipase, and 
hydrochloric acid causing a slight mciease in the three enzymes The 
piocess of secretion, howevei, vanes with the diffeient stimulants, it is 
usually moie pi of use in the first houi, maikedly less in the second hour 
and mci eases again in the thud houi This l elation is shown in table 4 

Age — The cases in which estimations were made occui red in patients, 
aged fiom 16 to 62 Fiom table 5 it is obvious that on the average the 
enzymatic efficiency is high in patients of the ages fiom 20 to 40, m 
those less than 20 and moie than 40, it is somewhat less 

11 Katsch, G, and von Friedrich, L Bauchspeichelfluss auf Aetherreiz, 
Ivlin Wchnschr 1 112, 1922 
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Scv — The estimation was earned out on tluu\-si\ mak uui louum, 
female patients The results show that on the a\ outgo the amount o< 
the duodenal return and the efficient:} of the tlnoo tn \mo iu 
apparently less m females than m males as u shown m t ihlc o 

Nonnal Enzymatic Efficiency in TJucc Horn MoLca — fho u Milts 
obtained with this method are guen in table 7 Fiom those u'sults it 
seems justifiable to place the nonnal enznnatic cffictono\ ot the duoden d 

T \ble 4 — Deflection of thi Sedition ami tin Drcniutu l t\,'\ 


Amount ol 

Duoden il Retur n 'lnp-m \nnlw' 1 i|> im 
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Stimulants 
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31 1 

40 7 

21 S 

16 O 

20 7 

(il) 

1 > 1 

(m S 

>> l 

0 

01 2 

Alcohol 

do 2 

25 7 

30 7 

>5 S 

l r > 7 

It 2 

17 (» 

21 0 

It 0 

r M 1 

0 

. 1 

Ether 

07 1 

2o 0 

11 4 

23 0 

11 0 

2 1 . 
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,1 1 

17 1 
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W T ater 
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G0 5 

10 4 
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Hydrochloric acid 

S7S 

oS 9 

43 S 

Id 5 

21 0 
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Average 

31 4 

31 2 

39 0 

27 0 
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TABLr 5 — Relation of Aqe to Pamieatu Suit turn 


Age 

Cases 

Amount of 
Duoden il 
Return, Cc 

Ti \ p<on 
Kilo-Umts 

\im )««■(', 
Kilo l nils 

1 lp:iM> 

Kilo Units 

mi. 

I'll nu ill 

Ml 

10-20 

12 

126 G 

60 1 

US , 

177 ’ 

0 (, 

21-39 

10 

123 0 

7 9 3 

1 >o 7 

]|s 7 

11 

31-40 

12 

125 6 

70 5 

1 ,0 7 

1 .0 ! 

is s 

41-62 

7 

12S 7 

60 2 

1 15 0 

711 S 

10 2 


TABLr 6 — Relation of Sc\ to Paiunatu Sccntum 


Sc\ 

Cases 

Amount of 
Duodenal 
Return, Cc 

Trips m. 
Kilo Units 

Wnvlii'-p, 
Kllo-Unlt s 

1 lpn s < 
Kilo Units 

Male 

36 

132 2 

77 1 

101 2 

ion o 

Female 

14 

09 4 

51 0 

10 1 ’ 3 

127 0 


return m thiee houis at fiom 30 to 120 Kilo-units foi ti)psm and fiom 
50 to 300 kilo-units foi amylase and foi lipase 1 he avennge \ahu <>f 
the normal results thus becomes 70 kilo-units foi livpsin and 140 Kilo- 
umts for amylase and for lipase Pei haps it is possible to detcnnine the 
noimal values in relation to age and sex moie piecisclv In addition, 
the size of the body seems also to be an impoitani facloi In the pit sent, 
woi k, however, we aie not ready to give such detailed mfoimation 

Dcgiec of Enzymatic Activity— As ahead} mentioned, the degm of 
enzymatic activity as determined in short penods gives little mfoim.it ion 
as to the pancreatic activity But if one estimates the onzjmatK actniH 
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of every half 01 one horn collection sepaiately for thiee hours and 
determines the highest value, the result is fairly consistent and may be 
used m judging the panel eatic activity The results thus obtained m 
fifty cases are given in table 8 These lesults show that over 500 units 
is the normal value for tiypsm, and over 600 units for amylase and for 
lipase, if one selects the highest value of fiactionally estimated enzy- 
matic activity 

Amount of Duodenal Return — The amount of the duodenal return 
langes from 40 5 to 277 cc , the aveiage being 123 cc Age apparently 
does not influence the amount of the duodenal letum m patients fiom 


Table 7 — Results Obtained as to Noimal Enzymatic Efficiency m 

Tin cc How Method 




No of 



Enzyme 

Kilo-Units 

Cases 

Percentage 

Trypsin 

Under 30 

1 

2 



30 to 120 

4S 

0G ) 



0\ er 120 

1 

2 \ 

9S 

Amjlase 

Under 50 

1 

2 



10 to 300 

•IS 

00 ? 



Over 300 

1 

2 J 

93 

Lipase 

Under 50 

5 

10 



50 to 300 

•n 

£2 l 



Ov er o00 

4 

S 1 

90 


Table 8- 

—Results of Fi actional Estimations of Enzymatic Activity m Fifty Cases 

Enzyme 

Untts 

No of Cases 

Percentage 

Trjpsin 

Under 500 

2 

4 


Over 500 

48 

90 

Amjlase 

Under GOO 

0 

0 


04 er G00 

50 

100 

Lipase. 

Under GOO 

4 

s 


Ov Cl G00 

40 

92 


16 to 62 years of age Sex, on the conti aiy, shows a distinct influence, 
the letuin being much less m females 

Bile Pigment — The fluctuation m the amount of bile pigment m a 
three horns’ collection is maiked, so that it is difficult to find a noimal 
value The range is f l om 2 5 to 61 7 mg , being ovei 5 mg in 86 per 
cent of the cases The aveiage value is 149 mg, and it is piactically 
the same with each of the diffeient stimulants used, it is somewhat less 
when no stimulant is applied (12 4 mg) The aveiage in females 
(9 mg ) is distinctly less than that m males (17 2 mg ) It seems to 
increase with the age, as is shown m table 5 

SUMMARY 

1 A quantitative method for the estimation of panel eatic function 
is descnbed Pei haps this is the fiist attempt to estimate the pancreatic 
function quantitatn ely m its real meaning The enzymatic efficiency for 
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2A 

a fixed time is determined by multiplying the degiee of enzy accor( i m c/matic actnity 
by the amount of duodenal return collected Aftei cc 6S10ns c h?nsidcrmg the 
difficulties and failuies, we chose a three hour method, w h e t e i mmn/ich seems most 
reliable The noimal value thus obtained from a study seem oi/if fifty patients 
is fiom 30 to 120 kilo-umts for trypsin, and from 50 n the n/to 300 kilo-units 
for amydase and lipase The aveiage value of the noim ]0 nal prefal icsults becomes 
70 kilo-umts foi trypsin and 140 kilo-umts for arrive ai/nylasc and lipase 
Alcohol, ether, water and hyxlrochloi ic acid aie apfexaggeiaf>hed as stimulants 
Alcohol and ethei stimulate the outflow at the begmm /ng, but do not ha\c 

a mat ked influence on the whole enzymatic efficieivndary asLy m a tin ee horn s' 
cn ' 3 J - - ^<nibc'tiJ?.ydiochloriy ? -v/vcrilnf to* increase the output slightly 

2 The degiee of enzymatic activity of the duodenal letuin collected 
m a short penod gives but little mfoiniation concerning the pancreatic 
activity But if the estimation is earned out fractionally eveiy half 
hour or every horn sepaiately for three houis, and the highest \alue is 
found, the result is fauly consistent being over 500 units foi tiypsm and 
ovei 600 units for amylase and lipase 

3 Age seems to have some influence on the enzymatic efficiency , it is 
highest between the ages of 20 and 40, and is somewhat less befoie and 
aftei those ages The influence of sex is moie obwous, the enzymatic 
efficiency being much less in the female sex 

4 The amount of the duodenal letuin does not seem to be influenced 
much by age in patients fiom 16 to 62 years old The influence of sex 
is apparent, the amount being much less in females 

5 The amount of bile pigment ranges widely, so that it is difficult to 
find a noimal raltie From the aveiage value, it is judged that the 
amount of the bile pigment increases with age and shows distinctlv 
highei values in the male sex 
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GASTROrlN^ghest ^TESTINAL REACTION TO THE EMOTIONS 

The panv 1IE R 5 LE or THE vegetative system - 
m m tal 

\for tiy i C W LUEDERS, MD 

\ the lll t PHILADELPHIA 

This paper is \ na i he ^ lr d in a senes of studies made on 300 women 
patients with psyclW^ cc ptoses 1 As the data accumulated I was confronted 
with the pioblem , ot j nt °f a- search for causes to explain the lesults 
of noimal 01 mcieased gem.. ^ h mtestmal function found in many of the 
depressed patients The fust step led to a study of the types of Human 
emotions, the second, to a consideiation of the idle of the vegetative or 
mvoluntaiy neivous system, which is intimately bound up with the endo- 
crine glands to foim the vegetative system, the thud, to a biief sketch 
of the newer ideas in legal ds to the mechanism of digestive function 
Finally, an attempt was made to secure as simple and sound a theoietical 
basis for the woik as possible and to formulate in the conclusions pnn- 
ciples that would seive to explain the results obtained These conclu- 
sions will be found to agiee with the physiologic conception of those 
wiiteis who stiess the pi unary impoitance of the neui ovegetatn e and 
endocune systems m the detei nunation not only of highly complex 
emotional states, but of disordeied nsceral function as well 

EMOTION 

In MacCuidy’s 2 phiaseology, a complete emotion is a combination 
of subjective affect and objective emotional expiession gestuies, 
postuies, facial movements, vocal expression and modulation, and many 
visceial changes Affect is the most cential and \ital element m an 
emotion, “infinitely and eternally subjective ” McDougal 3 said 
“Affect denotes the emotional-conative aspect of all mental activity, with 
the lecogmtion that feelings of pleasuie oi pain aie conditioned by and 
m turn act upon the course of such mental activitj, furtheung oi check - 

* Read before the Section on General Medicine, of the College of Physicians, 
of Philadelphia, Nov 30, 1927 

' From the Pennsylvania Hospital, Department for Mental and Nerious 
Diseases, Philadelphia 

1 Farr, C B , and Lueders, C W Gastric Secretory Functions in the 

Psychoses, Arch Neurol & Psychiat 10 548 (Nov) 1923 Farr, C B , Lueders, 

C W , and Bond, E D Studies of Gastric Secretion and Motility' in Mental 
Patients, Am J Psychiat 5 93 (July) 1925 

2 MacCurdy, J T Psychology of Emotions, Morbid and Normal, London, 

Harcourt Brace & Company, 1925 

3 McDougal, W Outline of Psychology, New York, Charles Scribner’s 
Sons, 1923 
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mg it in proportion to their intensity” Affectiuty, according to 
MacCurdy, is the determining element in our acts and omissions, direct- 
ing our attention as well as our whole behavior, and determining the 
direction of our endeavors, while logic and judgment seem onl\ the 
servants that show the way to the goal and furnish the necessaiy 
apparatus The affective faculties repiesent the emotional propensities 
peculiar to man Affectivity, when unusually responsive and m the 
presence of defective 1 effective power, causes by its exaggeiated action 
morbid syndromes as seen m the psychoses 

McDougal divides emotions into primary, secondary and derived 
Primary emotions owe their specific qualities largely to the visceial sense 
impressions made by the bodily adjustments that accompany instinctive 
stiivmgs Secondary emotions are made up of blended primary emo- 
tions, which, m turn, are made up of two or more instinctive impulses 
excited simultaneously Derived emotions or feelings arise m the course 
of the operation of any strong impulse or tendency, the emotion being 
dependent on or derived from the working of the impulse taking the 
form of desire These emotions arise only m the course of actively 
prompted and sustained desire In short, the derived emotions are 
affections and feelings, m the strict sense of the word, resulting from 
fundamental feelings of pleasure or pain and accompanied by developed 
powers of imagination and an intellectual capacity to conjoin pleasure 
with pam 

MOODS 

An emotion normally subsides into a mood before the excitement 
wholly passes away Mood is the persistent emotion prolonged after any 
thought of the object Persistent moods may become morbid, as in the 
affective states of the neurotic and the psychotic Moods, by their 
repetition of corresponding conceptions, sustain the affect at the expense 
of effect on somatic and visceral expression until a level is reached at 
which there is an entire absence of reaction at the lower level 4 

Some moods are largely due to organic conditions, which m chemical 
and m other ways predispose the subject to this or that kind of emo- 
tional excitement In cases of long persistent morbid moods one natu- 
rally suspects the presence of an organic factor , 3 as m the affectful ideas 
of the manic-depressive patient As Jackson describes him “The 
manic-depressive swings from pole to pole m his thinking as the chem- 
istry of the body, acting through the vegetative system upon brain and 
other viscera, gives him the feeling of exaltation and then the awful 
torture of depression ” 

4 Lodholz, E Fear, Its Beneficial and Harmful Effects on Body Function, 
Internat Clin, 1925, vol 3, Instincts in Domesticated Animals and Their Dis- 
eases, J Am Yet M A , August, 1925, vol 67 
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Bleulei 3 said 

While disturbances of the affects may depend upon changes in the brain or in 
the chemistry of the organism, a certain constitution, usually congenital, seems 
to be a prerequisite in most cases The hysteric, the paranoic are born different 
from healthy people In all mental diseases the symptoms are largel} an expression 
of the affective condition Congenital anomalies, injuries and diseases of the brain, 
disturbances of nutrition, intoxications and infections plus the prolonged action of 
affects form, in varied array and admixture, the basis upon which psychopathic 
reactions occur 

VEGETATIVE SYSTEM 

The pathway foi emotional reaction on visceial function is the vege- 
table system This comprises the neurovegative system (also called 
the autonomic 01 involuntary neivous system) and the endocnne system 
The endocrine glands appeared before the outbuddmg of the lm oluntary 
neivous s)stem, regulating body metabolism by hormonal conti ol 
Latei, these two great divisions joined under one system to regulate 
and maintain particulaily all visceral function of tone, motility, glandular 
activity, sensitnity and absoiption 

NEURO VEGETATIVE SYSTEM 

The central gray mattei, 01 midbrain, which surrounds the third 
\entncle, or hollow space of the primary antenor vesicle of the biam is, 
accoiding to Muller , 5 6 supposed to be the seat of the elemental y vital and 
Aegetative functions of life On both sides of the third ventricle lies the 
optic thalamus, the old important center of the whole sensibility In 
the medulla or bulb, the enlarged portion of the cord, at its junction 
with the nudbrain or mesencephalon, is localized the important centers 
of lespiration and cu dilation It is by outgiowth from the midbrain 
and medulla and the neural crest of the embryonal brain stem that the 
^getatne nervous system developed, to form three distinct groups of 
neurons one with its origin m the nudbram and bulb, one fiom the 
neural crest to form the lateral ganglia, connected with the thoiacic and 
upper lumbar segments of the cord, and a third in the sacral segments 
of the cord The middle group is called the sympathetic nerves, the 
remaining two, the parasympathetic The thud, seventh, ninth and tenth 
cranial nenes and the pelvic nerve (neivus engens) form the latter 
dnision of the system The vegetative nervous system remains con- 
nected by afferent and efferent fibers with the central nervous system, 
so that one may affect the other Moreover, a numbei of specialized 
\ egetatn e nerve cells remain within the cerebrospinal axis, thereby 

5 Bleuler, E Text Book of Psychiatry, New York, The Macmillan Com- 
pany, 1924 ' 

6 Von Muller, Friedrich Anatomy of the Brain from a Clinical Point of 
View, Am J M Sc 175 1 (Jan ) 1928 



LUEDERS— REACTION 7 0 EMOTIONS 285 

accounting for the occurrence of vegetative phenomena in certain dis- 
eases of the brain 

PARASYMPATHETIC AND SYMPATHETIC NERYES 

d he vagosacial fibeis, or pai asympathetic neives, when stimulated 
increase visceial motoi and secretory actmtv The sympathetic ncr\es 
inhibit visceral function, except to some stuictuies like the pilomotor 
muscles, sweat glands, most of the blood \essels, fallopian tubes, 
uteius, vagina, vas deferens and seminal vesicles and ureters, to which 
no pai asympathetic fibeis travel, heie the sympathetic nerves ma) eithei 
mciease 01 inhibit motor 01 secretoiy activity With attention dnectcd 
m the piesent study to the gastro-mtestmal tiact, the vagosacial fibeis 
1 mining to the intestine end m ganglions m the muscle coats and 
mucus, the plexuses of Aueibach and Meissnei, lespectively The 
sympathetic or splanchnic neives ongmate m the thoracolumbai legion 
of the spinal cold with their cell stations m the lateial ganglions on each 
side of the vertebral column, and also in the collateral ganglions gi ouped 
to form especially the celiac or solar plexus and the inferior mesenteuc 
plexus The sympathetic nerves are connected by white and giav lami 
to the spinal neives of the voluntaiy nervous system, supplying the skin 
and muscles of the toiso and extremities The pai asympathetic neixes 
aie connected to certain of the cranial neives, but especially to the fifth 
or tngeminal The two systems aie assumed to be in a state of 
equilibrium, similar to that in an alternating cut lent, of stimulation and 
inhibition An excitability of the vagosacral side is called vagotonia , 
of the sympathetic, sympathicotonia An atony oi paialysis of one side 
will cause a lelative tonicity of the othei side 

Vagotonia 7 — The vagotonic type of peison is lesened and cold- 
blooded, and has a slow pulse, hypotension, conti acted pupil, deep, closely 
set eyes, a cool pale skin which sweats easily and patchily and clammy 
hands and feet He is subject to hypeichlorhydria, spastic colon, low 
blood sugar, hyperinsulinemia , calcium deficiency, cluonic anaphylactic 
states, hay-fever, asthma, angioneurotic edema, urticana, migraine and 
epilepsy and vertigo He is relieved by the admuusti ation of atropine, 
ephmephrine, calcium, ammonium chlonde, parathoimone and reduction 
of the intake of sodium 

Sympathicotonia — The sympathicotonic peison is livel) and excitable, 
with a rapid heart late, hypei tension, dilated pupils, rosy color, warm 
dry skm and prominent eyes , he has a high blood sugar He tends to 
sufifei fiom slow digestion and atonic constipation due to stasis, spasm 
of various sphincters, eczema, piuritus, h) pei esthesias nnalgias and 

7 Stewart, Sir J P Vegetative Nervous Sisteni, Oxford Medicine, New 
York, Oxford University Press, 1921, \ol 6, p 45 (suppl to 1927) 
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pains o\er the mam arterial trunks The appearance of many such per- 
sons suggests hyperthyroidism There is a deficiency of magnesium 
They are relieved by pilocarpine, magnesium and morphine The sympa- 
thetic nervous system with its connections with the thyroid and supra- 
renal glands, liver, brain, skeletal muscles and cardiovascular system is 
stimulated by fear, anger, shock or pam to form the mechanism of 
defense, attack or flight , and of the conservation of visceral function by 
inhibition 

ENDOCRINE SYSTEM 

The inter-relationship between the various endocrine glands and the 
effects of their hypersecretion or hyposecretion on the body generally are 
being worked out in many laboratories Established facts are still com- 
paratively few, except for the action of a single gland on bodily func- 
tions of growth, nutrition, resistance to disease, metabolism, procreation 
and vascular tonus These effects may be brought about by action on 
the vegetative nervous system, direct or indirect chemical action, or by 
a combination of nervous and chemical stimuli However, the endocrine 
glands play an all important role 8 This is seen not only m the evolution 
and growth of the organism as a whole, but m the regulation of the 
functioning of its various component parts, which, when exercised m a 
normal manner, conserves the constitution of the body, nourishes the 
activity of vital processes and, by providing a self-regulating mechanism 
for the body, sets the voluntaiy neivous system free for the execution 
of its essential function, namely, volitional response to changes m the 
environment 

Any disturbance m the balance of the neurovegetative system, unless 
compensated, causes a disturbed equilibrium m the endocrine system, 
and any uncompensated endocrine imbalance is reflected m the vegetative 
nerves Equilibrium in vegetative structures, however, depends very 
much on the colloidal complex of the cell and its contents m ions, for 
ner\ e impulses and chemical substances circulating in the blood and tissue 
juices produce different effects, depending on the difference of the chem- 
ical and physical condition of the cell 9 

DIGESTIVE FUNCTION 

Sea etion — According to Ivy, 10 gastric secretion can be divided into 
three phases with reference to cause ( 1 ) the cephalic phase, caused by 
(n) reflexes through the cerebrum (psychic) and by ( b ) reflexes 

8 Stewart, T G Vegetative Nervous System, Oxford Medicine, 1921, vol 6, 
p 829 (suppl to 1927) 

9 Pottenger, F M Symptoms of Visceral Disease, St Louis, C V Mosby 
Company, 1925 

10 Iyy, A C Contribution to the Physiology of the Stomach, JAMA 
85 877 (Sept 19) 1925 
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through the thalamus, midbiam and medulla, excited b) sight, taste and 
smell of food m the piesence of appetite, (2) the gastric phase earned 
by (a) mechanical distention of the stomach and (b) the action on or 
by way of the gastric mucosa of substances in the food , (3) the intestinal 
phase, caused by the action on or by way of the intestinal mucosa of 
substances m the food 01 lesultmg de novo fiom digestion Meat is 
the only food thus far studied that contains a substance that stimulates on 
contact with the gastnc mucosa A humoral mechanism is concerned 
with gastric digestion 

Psychic Secietion The vagi aie the effeient neives concerned m 
conducting the impulses fiom the gastnc secietoiy centei or centers to 
the gastnc glands The afferent nerves cany sensations of sight, taste 
and smell to the centers, the act of chewing and swallowing piobablv 
plays the role of deci easing the threshold of the reflex aic concerned 
Busik 11 found that irritation of the secretoiy center fiom inci eased 
mtraciamal pressuie due to tumor of the brain caused mciease in gastnc 
acidity, and that involvement of the same center m the degenei alive 
piocess of epidemic encephalitis caused a l eduction m gastric acidity 
Gastnc motility was unaffected in both types of patients Pavlov 12 
expiessed the belief that the vagal stimulation is the predominant con- 
tnbution to acid secietion tlnough both digestive and mterdigestive 
phases In vagotonia, theie is a continuous hypei secietion of highly acid 
juice thiough the fasting and digestive phases 

Himgci and TJwst — These aie feelings that result from visceral 
sensations and instinctive motives ansmg to consciousness in the ceiebial 
centei s of hunger and thirst, and which aie aioused by association cen- 
ters of sight, taste and smell When intensified by a ciaving to gratifica- 
tion, the same sensations and instinctive motives stimulate secietory and 
motor centers, which send specific nervous impulses through the a agi to 
the musculatuie and glandular stiuctuies of the intestine (Hollander) 13 
As local conditions of the stomach may destroy or mciease the feeling 
of hunger or thnst, so cential nutation oi disease may gne use to a 
ravenous appetite oi thnst oi to a complete loss of the same Gluttony 
may be associated with disoidei and disease of the gasti o-mtestmal tract, 
and anoiexia with increased visceial function Thirst is charactenstic 
of disoideis of the pancreas and pituitary gland 

Injection of food into the colon, the nutiitive enema, appeals to satisf} 
hungei or thnst thiough nervous pathways before sufficient ab^oip- 

11 Busik Secretory Function and Motility of the Stomach in Brain Diseases, 
Russk Klin 6 353 (Sept) 1926 

12 Pavlov, J P Work of the Digestive Glands, London, 1902 

13 Hollander, B In Search of the Soul and Mechanism of Thought, Emotion 
and Conduct, London, 1920 
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tion can possibly take place Carlson 14 found hungei conti actions of the 
stomach dependent on a deficiency of dextrose m the blood serum, and 
Muller , 15 that hungei and thirst may be produced when the amount of 
protein m the blood seium sinks as low as found m patients with severe 
inanition Hunger and thirst can be excited by posthypnotic suggestion 
Healthy subjects who have just eaten a hearty meal can be made to feel 
fresh hunger and go thiough another meal Further, it is possible to 
satisfy the hunger and thnst of subjects in deep hypnosis by meiely sug- 
gested food and drink 

Anoiexm — Refusal to eat is the most unpoitant etiologic factor fol- 
lowing emotional upsets, with digestive symptoms following This is 
called primal y mental anoiexia, and consists m the progiessive loss of 
the mental representation of appetite (Dejerme) 

Loss of appetite has been induced by suggestion to such an extent 
and for so long a period that the peison concerned refused solid food 
foi fourteen days By autosuggestion the psychotic patient sometimes 
refuses to take nounshment from a great vauety of motives, accoidmg 
to the form of the psychosis A patient may be immersed m his thoughts 
so that the sensation of hunger is deadened, he may refuse it because 
he fears it is poisoned, because a voice told him he must not touch it 
01 because he is too great a sinner In each instance there is the same 
symptom of suppression oi perversion of the sensation, associated with 
different motives 

Motility — The gastio-intestmal tract is essentially an automatic 
organ like the heart Auei bach’s plexus, ganglions lying between the 
longitudinal and cncular muscle coats, is the intrinsic nervous mechanism 
that originates the power of tonus, rhythmicity and irritability How- 
evei , motility of this type would be functionally inadequate m the absence 
of conti ol of the central neivous system by way of the vagosympathetic 
S)Stem The latter conveits an inherent mechanical regularity into a 
modulated and extremely variable activity of lhythm, tone and amplitude 
of contractions, adapting gastro-mtestinal functional responses to the 
constantly changing nervous and chemical activities m the body as a 
whole (Thomas) 10 The intrinsic or enteral neuromuscular system is 
affected by acute and chronic debilitating, depressed nutritional and 
asthenic states, by chemical disordeis, by disorders of the endocnne 
s) stem and by drug reactions 

Tonus — Gastro-mtestinal tone is dependent on both nervous and 
chemical factors 9 As long as the muscle is m continuity with the neive 

14 Carlson and Litt Visceral Nervous System, Reflex Control of Pylorus, 
Arch Int Med 33 281 (March) 1924 

15 Muller, L R Das vegetative Nervensystem, Berlin, 1920 

16 Thomas, J E , and Kuntz, A A Study of Gastro-Intestinal Motility m 
Relation to the Enteric Nervous System, Am J Physiol 76 606 (May) 1926 


LUEDERS— REACTION TO EM0I10X S 2S ( > 

cell which nourishes its nerve, the action of that ner\e cell keeps the 
muscle in a condition of tone Certain chemical substances, especialh 
the salts of sodium, maintain the continuity of the muscle with the 
nerve cell Sympathetic (mhibitoiy) activity is enhanced by the piesence 
of calcium and paiathyioid, pai asympathetic 01 vagosacial activitv bv 
potassium, sodium and magnesium Noimal activitv of lhjthm and 
tone lequires definite lelative amounts of these impoitant ions 

Vasculo ) Tonus — The splanchnic vessels supple the abdominal and 
pelvic viscera They aie of greatest importance m the maintenance of 
blood piessuie and m the circulation of the blood The splanchnic -ves- 
sels are the storehouse for surplus blood when not lequned b) bod) 
activity When special activity on the pait of an) organ is lequned, the 
splanchnic (sympathetic) nerves by local overstimulation produce a -vaso- 
dilatation by paralysis of the blood vessels of that oigan, during the stage 
of its activity, thus increasing motoi and secretoiy function The 
splanchnic nerves may likewise, by sympathetic inhibition, cause an 
mciease m -vasomotoi tone of the splanchnic vessels to pi oduce a decrease 
m motility and secretion, locally 01 through the entire ahmentaiy tiact 17 
A spastic condition of the capillary bed m the gastric mucosa causes a 
tempoiary achylia, a paialytic vasodilatation causes a hvpeisecietion of 
acid and mucus Krogh has shown that the vasculai bed in a muscle in 
activity contains thirty times the quantity of blood found in the same 
muscle when inactive 

Epinephrine , 0 wdien pouied into the blood m small quantities, causes 
by its penpheial efifects constnction of the vessels of the skin, the mucous 
membianes and the abdominal oigans, driving the blood into the -vessels 
supplying the skeletal muscles , the vessels become actively dilated for 
its reception through the effect on the mechanisms of the sympathetic 
and doisal root ganglions But as the quantity of liberated epinephrine 
accumulates, the penpheial effect begins to overcome the ganglionic 
effect m the skeletal muscles, the intestinal 01 splanchnic -vessels b) 
increased action of the collateial sympathetic ganglions (solai plexus), 
and the mfenoi mesenteric plexus begins to dilate and the blood is 
1 eversed in its path 

The Pioblcm — Having accumulated these hvpotheses, theones and 
facts, a search was undertaken to discover fiorn among them cause or 
causes to explain the practically normal average, and even increased, 
secietoiy and motor function m 300 patients with ps)choses It was of 
course lecogmzed that the diagnosis of the psvehosis did not lend itself 
as an appioach to the solution fiom the standpoint adopted foi the 
present study, namel) the mteipietation of the gastro-mtestinal func- 

17 Kerppela, W Vaso-Motor and Nervous Factors in Nervous Disease, 
Arch f Verd Krank 38 143 (June) 1926 
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tional observations as emotional reactions So the patients were giouped 
according to the affective states exhibited by them at the time the gastro- 
intestinal studies weie being pei formed The patients, according to their 
aftectivity, fell most readily into one of seven groups depressed or 
previously depressed, the apprehensive, the confused, those without 
affect, the exhilarated and the unclassified 

It may be of interest to restate conclusions expressed in the second 
study aftei a gastro-mtestmal survey of 191 psychotic patients They 
were as follows 

1 Secretory function did not bear any relation to nutrition m this 
series Obesity, however, was moie often associated with hyper- 
chlorhydria 

2 Long continued depression, as such, has no well defined effect on 
secretion 

3 Patients m whom lestramt and nasal intubation were necessaiy 
showed the highest degiee of secietion and acidity 

4 Physical and nutritional factors, lather than psychic, were respon- 
sible for disorders of gastro-mtestmal motility 

5 Position and tonus seem to have less bearing on gastric motility 
than would be anticipated 

6 Malnutrition per se is not suggestive of any particular affective 
state 

7 Of those patients with hypersecretion oi hyposecretion, 7 per cent 
had, possibly, etiologic somatic diseases Of those patients with normal 
secretion, 3 pei cent were suffering fiom somatic diseases 


Table 1 — Pciccntage Acidities m the Affective Gi oups * 


Group 

Number 

High 

Normal 

Low 

Achylia 

Depressed 

122 

28 

48 

11 

13 

Not depressed 

178 

25 

51 

17 

7 

Total 

300 

26 

50 

15 

9 

* There is practically no percentage difference between the two groups high acidity, 65 per 
cent or over achylia, no free hydrochloric acid or pepsin in fasting and 12 fractional High 
figures nere tahen at hour fractional (45 minute to 75 minute period) 

Table 2 

— Pet centage Acidities in 

the Nondept essed 

Gi oups 


Group 

Number 

High 

Normal 

Low 

Achylia 

Apprehensive 

56 

23 

50 

22 

5 

Previously depressed 

26 

23 

46 

20 

11 

Confused 

12 

17 

50 

17 

16 

Unclassified 

19 

17 

68 

10 

5 

Psyeliomotor activity 

21 

29 

52 

17 

2 

No affect 

44 

32 

48 

16 

4 

Total 

178 

25 

51 

17 

7 
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Group 

Number 

High 

Normal 

I ow 

\ch\h 

Retarded 

37 

27 

51 .1 


Agitated 

57 

2S 

40 

15 

11 

Catatonic 

5 

20 

00 

0 

JO 

Confused, apprehensive 

23 

30 

44 

13 

13 

Total 

122 

23 

4S 

11 

13 


Table 4 — Pciccntage Motility in 

the Affective 

Gi oups * 


Group 

Number 

Rapid 

Normal 

Delayed 

Depressed 

40 

9 

32 

39 

Not depressed 

79 

0 

5S 

3G 

Apprehensive 

32 

0 

00 

2S 

Remainder 

47 

G 

53 

41 


* Results are tal en from roentgen-ray studios on 125 patients for intestinal motility 
Again there is practically no percentage difference between tbe two main groups Greatest 
delay was found in patients not depressed or apprehensive (11 per cent) 


Table 5 — McDougal’s Classification of Instincts and Emotions (Abndgcd)*' 


Instincts 

Plight 

Right 

Parental 

Reproductive 

Pood seeking 

Repulsion 

Appeal 

Curiosity 

Submission 

Assertion 

Social 


Primary Emotions 

Pear 

Anger 

Tender emotion 
Sexual 

Hunger, appetite 

Disgust 

Distress 

Wonder 

Inferiority 

Superiority 

Loneliness 


Domed Emotions 

Confidence, hope 
Anxiety 
Despondency 
Despair 

Regret, remorse 
Sorrow, grief 
Joy 
Elation 
Pity 

Surprise 


* In this classification the list of primary emotions are related to the list of instincts, 
the derived emotions listed are unrelated to the instincts or prim iry emotions 


Table 6 — Sympathicotonia — fiom Fcai — Adicnal Ovci activity * 


Dilatation of pupils 
Parched lips and tongue 
Constriction of blood vessels 
Inhibition of alimentary function 
Tachycardia, hypertension 
Air hunger (suprarenal stimulation 
of respiratory center) 
Liberation of sugar from liver 


Erection of hairs 
Loss of voice 
Loss of muscle tone 
Paralysis of sphincters 
Twitching lips 
Pallor, pruritus 
Tremors skeletal muscles 
Hypo insulinemia 


* Sympathicotonia, whether from fear, pain or toxemia causes an increase in \ i c ceral 
reflexes by w ay of the dorsal root ganglion® to the thoraeolumb ir soin itic distribution to 
the skin, recti and spme 


Table 7 — Symptoms of Vagotonia 


Contracted pupils 
Bradycardia, hypotension 
Reflex vomiting 
Hvpersecretion, hyperaciditv 
Spastic colon, mucous colitis 
Anaphylactic states 
Calcium, parathyroid deficiency 


Sodium, magnesium, potas=ium excess 
Increase in saliva 
Hyperliidrosis, bromidrosis 
Insomnia, tinnitus 
Hvpertomcity, hvperperi=tajsis 
Asthma, urticaria, food allerpv 
Migraine, epilepsv, hyperinsubnemia 


* Increase of visceral reflexes to all structures supplied bv the tagosacral system eve®, 
pharvnx, heart, gallbladder, lungs appendix, muscular co its of the intestine and pancreas, 
distribution of fifth none 
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Table 8 — Gash o-Intcstmal Symptoms of Vagotonia and Sympathicotonia 0 


fealivirj glands Decrease m watery content 


Stimulates waterj content 


Stomach Decrease in motilitj and secretion, Increase in motility and secretion, 

including hydrochloric icid, eon including hydrochloric acid 
trols blood vessels 


Intestinal tiact 


Relax musculature and decrease 
secretion, controls blood vessels 


Stimulate musculature and 
mciease secretion 


Sphincters pjlorus,* 
lleoteeil, inal 


Contract exactly opposite action Relax exactly opposite action 
on rest of musculature, gastro- on rest of musculature, gastro- 
intestinal tr ,ct intestinal tract 


* According to Cailson and Litt (Arch Int Med Si 281 [March] 1924), motoi and 
Inhibitor! nerae fibers enter the pylorus by nay both of the vagi and of the splanchnic 
nerves (confirming precious observers) 


Table 9 — Sympathicotonia — Due to Toxemia * 


Malaise 

Aching 

Chilliness, rigor 
Anorexia 


Constipation 
Loss of Height 
Rapid pulse 

Increased blood pressure 


Lack of endurance 
Loss of strength 
Muscle twitchmgs 
Nerve instability 


Digestive disturbances Sweats Vasoconstriction 

(a) Hypomotility Rise in tempeiature pallor 

(b) Hyposecretion Leukocytosis (polys ) 

Severe toxemia vasodilatation, marked sweating, subnormal temperature, collapse as 
in nicotine poison, intestinal obstruction 


* Pottenger Sjmptoms of Visceral Disease, p 73 

COMMENT 

The gastro-intestinal reaction to an emotion, or better the gastio- 
mtestinal contribution to a complete emotion, depends on the condition 
of the neui o\ egetative system, the endocrine system and the chemical 
and ionic changes in the cells and fluids bathing the cells of the alimen- 
tary tiact It has been generally accepted by psychologists and 
physiologists that these mechanisms, stimulated to action by acute 
primary and secondary emotions, such as feai, angei, pam, horror and 
repulsion, as well as the acute derived emotions of anxiety, despondency 
and despair cause an inhibition of secretion and motility, while the object 
arousing the emotion is still in consciousness The sympathetic division 
of the neurovegetative system intimately correlated with ceitain of the 
endocnne glands, especially the suprarenals, is the specific mechanism of 
inhibition of digestive function These emotions, by liberating an excess 
of epinephnne into the blood stream or by acting on the sympathetic 
ganglions, liberate sugar from the liver cells into the blood to such an 
extent as to cause transient glycosuria Energy is thus supplied to the 
muscles foi the physical struggle that may be called forth by the emotion, 
especially of fear or rage which results in flight or fight On account of 
social restraints, this sympathetic or defense mechanism has outlived 
much of its usefulness The aioused mechanism unsatisfied by instinc- 
tive action is foiced to convert itself into irascible or fearsome disposi- 
tions In disease, however, it is called on in the struggle against toxemia 
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and inflammation and infection Cannon 1S separated the s) mpathetic 
ganglions from the communications with the spinal cord m a cat, the 
animal continued m apparently normal health 

The high percentage of normal figures for secretion and motilit), 
even m groups of depressed persons, was maintained as the number of 
psychotic patients studied was increased One then realized that the 
pathologic affective states found in many psychoses could not be inter- 
preted as the subjective expression of simple acute emotions A neces- 
sary coiollary was that one could not satisfactoi fly explain the 
gastio-intestmal reactions m all those patients as simple emotional con- 
comitants 

Granting that the emotions were real, even to the pioduction of 
external expression, such as weeping, moaning, screaming or laughing, 
I was led, nevertheless, to the conjecture that the objects exciting them 
were no longer in consciousness, just as in the moods Without an 
exciting object, emotional expression in the viscera could scared) be 
expected Again, the conception arose that when the affective portion of 
a complete emotion is overexpressed 01 ovei estimated subjectively, 
visceial expression is correspondingly inactive or may fail to register 

As noimal visceial response to emotional stimuli is dependent, as has 
been shown, on the integrity of vegetative and chemical mechanisms, the 
association of abnormal subjective emotional reactions with normal 
objective visceial expression m many of the psychotic patients suggested 
the possibility of a derangement of this involuntary system Therefore 
lesults were alined with a classification of the depressed groups in terms 
of the state of the vegetative system A search for symptoms of vago- 
tonia was made in patients with hypersecretion, hypermotilit) or 
spasticity, foi symptoms of sympathicotonia in patients with hypo- 
secretion, hypomotility and stasis and also for endocrine dysfunction 
acting on the sympathetic or the vagosacral nerves 

Ihe study, preliminary to further researches on the relation of the 
psychoses to the vegetative neivous system, warrants the opinion that an 
excitability of the vegetative system was present m some patients m 
sufficient degree to cause not only a stimulation of the digestive function 
(rarely a depiession of function), but to be the origin of the affective 
disorder as well It is generally accepted that somatic and visceral dis- 
order and diseases may initiate subjective emotional reactions, it is 
just as reasonable to assume that the vegetative svstem mav likewise 
precipitate or maintain abnoimal affectivit) In fact, one is led to 
believe that chronic emotionalism and morbid moods through their pro- 
traction and summation have less and less effect on visceial function, 

18 Cannon, W B , Lewis, J T, and Britton, S W Dispemabihtv oi 
Sympathetic Division of the Autonomic Nervous Svstem, Boston M & S T 
197 514 (Sept 29) 1927 
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but work their greatest havoc at the highei levels Theie it is that 
leason, intelligence, will, faith, conscience, self-control and social ideals 
are dominated, overwhelmed and apparently often destroyed by uncon- 
trolled emotionalism, absolute egotism, fantasy, obsessions, hallucina- 
tions, stupor, moial meitia, stark depiession and homicidal mania — the 
lowest reversion to sheei animalism 

Claude’s 10 lesearches on the vegetative system m 600 patients with 
psychoses brought him to the following conclusion 

The intensity and rapidity of morbid periods in the psychoses seem to be pro- 
portionate to the excitability of the vegetative system, probably through the inter- 
mediation of the humoral or endocrine mechanism It is not astonishing, therefore, 
if a characteristic state of the neurovegetative system is to be found constantlj m 
the organic symptomatology of certain psychoses 

Torsten Sonden, 20 in his monogiaph on somatic conditions in mamc- 
depiessive psychoses, concluded as follows 

Of the hypotheses mentioned here those seem best accounted for which connect 
the manic-depressive psychosis with changes in the endocrine organs or in the 
nervous system The importance of the endocrine factor may either be con- 
ceived in this way, that the very cause of the psychosis is a disturbance in one 
or more of the endocrine organs, or else that the disturbance is localized to 
the nervous system, but that a certain endocrine composition is a condition for 
this disturbance to lead to a psychosis Whatever may be the case the nervous 
system probably plays a fairly independent part in relation to the endocrine 
system in the psychoses The true basis of the psychoses must probably be 
assumed to be a heredity disposition 

Henry 21 said 

The results of this study might be considered evidence of definite changes in 
the functions of the vegetative nervous system accompanying psychoses Psychoses 
represent changes in the entire individual rather than abnormal functioning of the 
brain or central nervous system as was formerly believed 

Crile 22 stated 

There has been evolved through the ages a nerve mechanism of such infinite 
delicacy and precision that it can register permanently within itself every impres- 
sion received in the phylogenetic and ontogenetic experience of the individual 

19 Claude, Henri , Santenoise, D , and Fargowla, Rene An Attempt at a 
Biologic Diagnosis of States of Excitement and Depression, J Neurol & Psychiat 
13 729 (June) 1925 

20 Sonden, Torsten A Study of Somatic Conditions in Manic-Depressive 
Psychosis, Upsala, 1927 

21 Henry, G W Some Roentgenologic Observations of Gastro-Intestinal 
Conditions Associated with Mental Disorders, Am J Psychiat 3 681 (April) 
1924, Gastro-Intestinal Motor Functions in Schizophrenia, Roentgenologic 
Observations, ibid 7 135 (July) 1927 

22 Crile, G W Origin and Nature of the Emotions, Philadelphia, W B 
Saunders Company, 1915 
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that each of these nerve mechanisms or brain patterns has its own connection 
with the external w'orld that emotions and thoughts and personaht\ and niunon 
are to be interpreted in terms of these brain patterns forming cmotioml 
patterns, etc 

Finally, how reasonable it is to agiee with Muller that the \ital 
energy of the whole man is localized in the \egetati\e system 1 ‘Our 
organs, our glands, our whole body influences our mind The psy clncal 
processes are not localized in the biam cortex Life and soul aie a func- 
tion of the whole organism, theie are no sharp limits between neuiolog} 
and internal medicine ” 

If the present study has shed but little new light on the gastio- 
mtestmal reaction to the emotions, it has directed attention toward the 
vegetative system and its importance not only as pathway for emotional 
reaction on visceral function, and vice versa, but as a mechanism of \ ital 
and creative energy that colois and determines so great a portion of 
man’s mental and emotional life It is still a comparatively neglected field, 
because a most difficult one for the neurologist and the physiologist, it 
deserves the same painstaking researches as were made on the central 
nervous system 

conclusions 

1 The gastro-mtestmal reaction to an emotion persists only as long 
as the original object causing the emotion is present, in other woids, the 
visceral expression of an emotion ceases when the emotion is changed to 
an abnormal syndrome or mood 

2 Chronic affective states as seen m the psychoses are frequently 
not specific emotions, however intense their outward somatic expression, 
but are objectless and purposeless habitual or cyclic feelings, morbid 
moods, and the milder affective summations, the feeling tones 

3 An intact vegetative system tends to maintain normal gastro- 
intestinal function m spite of a dominant emotionalism that has become 
habitual after the object of the emotional reaction has disappeared 

4 A deranged vegetative system may ongmate a psychosis with its 
specific affective state anxiety states m vagotonia , the emotional lability 
m sympathicotonia, the baseless fears of the imolutional melancholic, 
instinctive perversions in mental degenerates with the inherited stigma 
of overexcitabihty of the regetative system, and deficient affectiwt) as 
seen in acute or chronic asthenic states, associated with atony of the 
neurovegetative system 

5 Morbid nervous and mental states may be as markedly de\ eloped 
m the presence of an apparently normal vegetatne system 

6 Patients inherit the vegetative as well as the phy sical characteris- 
tics of their families, the former frequently determines the patient’s 
emotional life 
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7 The gastrointestinal function is usually not depressed in the 
psychoses, except when associated with somatic disorders, or when the 
patient is of the sympathicotonic type 01 has some atonic condition of 
the neurovegetative system 

8 The gastro-mtestmal function is increased in the vagotonic type of 
patient with a psychosis, m patients with some types ot depression and in 
those who resist the fractional study The increase m the last group is 
possibly due to a vagal stimulation of anger in a vagotonic patient, to 
sympathetic overstimulation by fear, causing splanchnic congestion, or 
to a stimulation of the secretory centers by increased cerebral pressure 
due to vascular engorgement 

509 Medical Arts Building 



ARTERIAL HYPERTENSION AND PHYSIC \L 

WORK * 

EUGENE BARATH, MD 

BUDAPEST, HL-NGAPV 

The origin of high blood pressure is still not clear Measuring the 
blood pressure does not give sufficient information concerning the* 
disturbance m its regulating mechanism, which apparently results in ^ome 
instances from functional changes Repeated measurements during the 
day and early in the morning are of greater value, but do not yield 
further insight into the mechanism of hypertonic disturbances 

In recent studies 1 of presenile disturbances of blood pressure I 
described some new tests which, in my opinion, aid in determining the 
disturbances in the regulating mechanism in high blood pressure By 
means of these tests, one can demonstrate the compensating power of 
the organs which regulate blood pressure le\el The cur\es obtained 
in my labor test illustrate the regulating action of these organs, -vaso- 
motor center, vasomotor nerves, etc , which are independent of the 
otherwise variable blood pressure level 

The labor test is performed as follows The blood pressure is 
measured at absolute physical rest, then the patient is made to ascend 
at a slow pace two flights of stairs The blood pressure is measured 
immediately^ and each half minute for from ten to fifteen minutes 
afterward The data obtained are registered in curves Normal curves 
of young persons show a slight elevation of the blood pressure after the 
work is finished, amounting usually to from 16 to 28 mm , as deter- 
mined by the Riva-Rocci sphygmomanometer The increase of the 
blood pressure is of short duration, lasting only two or three minutes 
and then giving place to a slight fall to below normal compensating 
decrease (chart 1) 

THE LVBOR TEST IX IIYPERTOXIC STVTES 

In the report mentioned, it was shown that the curves of elderh 
men are markedly different from those of younger persom Ihe eleva- 
tion of the blood pressure after working is greater and it lasts much 
longer In this respect, the behavior of elderly person i<= similar to that 
of patients suffering from essential hypertension 

Most of the examples of hypertension observed by me were in 
patients with nephritis The so-called “essential forms” of hypertension 

♦From the Department of Internal Medicine Clinic 3 o» tnc Hersari.r 
Royal “Pazmany Peter” University 

I Barath, E Blutdruckstudien an alterndcn Mcrschcn Ztschr f d gc= 
exper Med 54.58, 1927 
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weie seldom observed These cases were consideied with a certain- 
reserve, because roentgen-ray examination nearly always revealed marked 
aortic enlargement More or less permanent hypertension was often 
observed m women at the climacteiic All these patients were carefully 
examined with special regard to the eventual alteration of the function 
of the kidneys Examinations of blood pressure, including the labor 
and psychic tests, were made At this time I shall comment only on. 
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Chart 1 — Increase and compensating decrease m blood pressure in young, 
persons after work 
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Chart 2 — Blood pressure curves of persons suffering from permanent arterial 
hypertension 


the question of the regulation mechanism of blood pressure m hypertonic 
patients after work 

In charts 2 and 3 are seen the blood pressure curves of persons 
suffering from permanent arterial hypertension m nephritis Compari- 
son of these curves with the normal curves in chart 1 shows essential 
differences The elevation of the blood pressure after work is remark- 
ably high, an increase of from 50 to 80 mm was often found The 
blood pressure level often reaches 200 mm or more, as measured by the 
Riva-Rocci sphygmomanometer, in patients whose normal pressure is 
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consideiably less Moreover, a stinking alteration occuis m the form 
of the cuives 

It has been seen m the noimal curves that the elevation of the blood 
piessure is of short duiation, m from two to three minutes, the curves 
leach the noimal level, they usually have the form of an equilateral 
tnangle The curves of hypertonic patients, on the contraiy, are more 
flat, they fall slowly and incompletely to their former level, the com- 
pensating deciease in the blood piessure is absent A persistence of the 


Hg mT7t 



Chart 3 — Blood pressure curve of persons suffering from permanent arterial 
hypertension 



Chart 4 — Blood pressure curves of persons suffering from essential or 
chmateric hypertension 

elevation of the blood pressure is often found even after from ten to 
fifteen minutes This shows clearly the torpidity of the compensating 
function as chai actenstic of permanent high blood pressure 

Chart 4 shows the curves of persons suffering from essential or 
climacteric hypertension These are labile forms of high blood pressure 
with remarkable morning depressions The fall in the elevation of the 
blood pressure after work is slow in these cases also After from five 
to six minutes, the blood pressure is still above the former level After- 
ward, however, there is a deep depression m the blood pressure curve. 
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not only to its former level, but far below it In these cases, therefoie, 
one finds a slow, but vigorous, compensation, a tendency contrary to the 
torpidity of the compensating mechanism in hypertonic patients 

TWO TYPES or ARTERIAL HYPERTENSION, AS DISTINGUISHED 

BY LABOR TESTS 

On the basis of my experiences, I have divided the cases of arterial 
hypertension into two groups 

1 Permanent high blood pressure, with a slight compensating 
tendency of the regulating mechanism In this group are included the 
cases of chronic diseases of the kidneys with hypertension (nephro- 
sclerosis and chronic nephritis) and several cases of arteriosclerosis 

2 Labile high blood pressure with a slow, but persistent regulating 
mechanism In this group are included the forms of so-called essential 
high blood pressure, climacteric hypertension and some forms of 
arteriosclerosis The blood pressure in presemle age is labile, and the 
compensating power of the regulating apparatus is deficient, this justifies 
the attempt to include the disturbances of the blood pressure of elderly 
persons in the second group Owing to the fact that an aortic enlarge- 
ment is found before a considerable elevation of the blood pressure is 
present, alterations of the vessels and of the regulating mechanism of 
the blood pressure must be considered as primary 

The labor test is a great advance in the analysis of disturbances of 
blood pressure On the basis of the labor test, various types of hyper- 
tonic states may be established The disturbing fluctuation of the blood 
pressure level may be excluded by means of this test It may possibly 
be used for the analysis of therapeutic effects I shall report further 
observations in a futuie communication 

SUMMARY 

By means of the labor test described in this papei, the study of 
disturbances of the blood pressure is facilitated On the basis of blood 
pressure curves obtained after work has been performed (going up two 
flights of stairs), two mam groups of cases of hypertension may be 
distinguished one in which a slow and incomplete compensation of the 
hypertension occurs after work has been done (cases of nephrosclerosis 
and chronic nephritis, and some cases of arteriosclerosis) and anothei 
in which there is slow but complete compensation (essential hyper- 
tension, climacteric high blood pressure) In cases of disturbances in 
the regulating mechanism without permanent hypertension (presemle 
age), a maiked enlargement of the aorta may be found, and the possi- 
bility of primary processes of the vessels and of primary disturbances m 
the regulating mechanism of the blood pressuie is to be considered 
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Evidence of the association of the nonhemolytic streptococci with 
lheumatic fevei has recently been much strengthened by the work of 
Small 1 and of Birkhaug 2 Their studies have given added importance 
to the earlier work of Rosenow , 3 Rothschild and Thalheimer , 4 of Davis s 
and of many otheis who have isolated organisms of this group from 
cases Small and Birkhaug obtained organisms to which they attribute 
specific etiologic significance, and, in keeping with many others who have 
announced sinulai results, believe that the lesions of the disease remote 
from the localization of the bacteria are caused by the absoiption of 
toxins As opposed to this school of reasoning there has gradually 
developed another view, namely, that many of the manifestations of 
rheumatic fever are due to an allergic reaction of sensitized tissues to 
the antigenic materials discharged from chronic streptococcus foci , a 
theory which is more reconcilable with the experience that the organisms 
isolated at various times from rheumatic patients belong to closely related 
but by no means identical varieties We have recently expressed our own 
views concerning this probability, and Swift 0 has also declared himself 
definitely in favor of the allergic conception Our own ideas m legard 
to this date back to the work of Herry 7 and that of Faber , 8 whom we 
regai d as the originators of the thought that hypersensitiveness may be 
involved m the pathologic processes of the disease It was particularly 
Faber’s paper which stimulated our interest in the matter, but Faber — 
writing at a time when the phenomena of bacterial alleigy were little 
understood — confused toxic allergic damage with the idea of local hyper- 

*From the Department of Bacteriology and Immunology of the Harvard 
University Medical School 

1 Small Am J M Sc 163 101, 1927 

2 Birkhaug J Infect Dis 40 549, 1927 

3 Rosenow, E C The Etiology of Auricular and Muscular Rheumatism 
60 1223 (April’ 19) 1913 

4 Rothschild and Thalheimer J Exper Med 19 429 and 444, 1914 

5 Davis, D J Relation of Varieties of Streptococci, 58 1283 (April 27) 
1912 , Davis, D J , and Rosenow, EC An Epidemic of Sore Throat Due to a 
Peculiar Streptococcus, ibid 58 773 (March 16) 1912 

6 Swift, H F, Derick, C L, and Hitchcock, C H Bacterial Allergy 
(Hyperergy) to Nonhemolytic Streptococci in Its Relation to Rheumatic Fever, 
J A M A 90 906 (March 24) 1928 

7 Herry Bull Acad roy de med de Belg 28 76, 1914 footnote 8 

8 Faber J Exper Med 22 615, 1915 
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sensitiveness to bacterial invasion Swift and his associates could not 
confirm his results m this regard and the matter was dropped for some 
time 

It is not our intention to go into details regarding the mechanism of 
bacterial allerg}- further than to say that evidence seems to us to point 
tow ard the conclusion that the allergic state is a part of the immunologic 
mechanism , and, m its first stages, before antibodies hat e been accumu- 
lated to any extent m the circulation, the phenomenon is mainly cellular, 
expressing itself in an extraordinary irritability of the cells to contact 
v ith the antigen That with some bacteria, such as the streptococci, this 
may later de\ elop into a true immunity or anergy — m other words, a state 
m which contact with antigen does not produce reactions — was indicated 
m our work with Gnnnell 9 on streptococcus allergy m 1925, and has 
since then been more definitely demonstrated by Dochez and his 
co-workers 10 Similar work with nonhemolytic streptococci has since 
then been done by Andrew's, Derick and Sw-ift 11 

In our study with streptococcus allergy in 1925, we injected guinea- 
pigs with living streptococci and also subjected them to implantation with 
living streptococci in agar — a method which, with Raymond, 12 we 
described for similar purposes many }ears ago In the studies on the 
hemolytic streptococci, w r e expressed the following \ lew, from which w T e 
have seen no reason to depart since then 

We have subjected the hemolytic streptococcus infections to a more extensive 
study, since these organisms by their frequent invasions of the human throat 
would seem to represent the most important group of bacteria with which lesions 
or symptoms secondary to the establishment of an allergic condition might be 
associated Moreover, streptococcus infections of the throat, teeth, etc, have 
again and again clinically forced themselves into association wuth -various patho- 
logical lesions remote from the site of the bacterial focus In many of these 
conditions failure to find the organisms themselves m such injuries supposed to be 
secondary to the streptococcus process has suggested either a toxic or an allergic 
pathogenesis Such reasoning is especially- applicable to the -various forms of 
arthritis, in which it is at least logical to think of a possible allergic association 
or, m the light of the recent work on streptococcus toxins, of a remote toxic 
effect 

Following our experiments on allergy and the hemolytic streptococci, 
one of us (H Z ) with Gnnnell 13 carried out a number of experiments 
m which guinea-pigs sensitized to hemolytic streptococci, and more espe- 

9 Zmsser and Gnnnell J Immunol 10 725, 1925 

10 Dochez and Sherman Proc Soc Exper Biol & Med 22*282, 1924-1925, 
Dochez and Stevens J Exper Med 46 487, 1927 

11 Andrews, Derick and Swift J Exper Med 44 35, 1926, Derick and 
Swift Proc Soc Exper Biol & Med 25 222, 1927 

12 Zinsser and Raymond Proc Soc Exper Biol & Med 18 121, 1920-1921_ 

13 Zinsser and Gnnnell J Bact 14:301, 1927 
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cially to pneumococcus autolysates, were tested for sensitiveness b\ 
inoculations both into the skin and into one knee joint, under proper 
control Inflammatoiy leactions of the joints were obtained which were 
m geneial propoilionate to the degree of sensitization as indicated by 
the skin tests 

Pathologic examination of such joints showed heavy exudates into 
the joint capsules, into adjacent tissues and into the cavity of the joint 
There was no necrosis, and all tissues weie intact 01 separated by ele- 
ments of exudate The synovial epithelium could be tiaced as a con- 
tinuous layer invaded by leukocytes m the act of migration, and 
penetiated by stiands of fibim 14 This work on the joints was not 
further pursued, because we failed utterly in simulating the human con- 
dition in the sense of obtaining joint conditions in hypersensitive animals 
by mtiavenous injections 01 admmistiations elsewhere than directly into 
the joint 

The fact that nonhemolytic streptococci should be particularly com- 
mon oigamsms in rheumatic fever, although we think that othei 
organisms may also be lesponsible, could be explained by the considera- 
tion — more than mere assumption and based on actual obseivation — 
that the biologic balance of mvasiveness and resistance established 
between human beings and these organisms is of such a natuie as to be 
likely, more than most other organisms, to lead to the establishment of 
chronic foci 

Two of the piennses m the allergic reasoning are one, the establish- 
ment of foci in regions not accessible to cultural examination during life, 
which would explain the many negative bacteriologic investigations m 
rheumatic cases and the 11 regularity of observations on blood cultuie, 
and the other, the multiplicity of the strains of these streptococci, which 
can be found in connection with lheumatic cases, and which has been 
thoroughly studied by Swift and his co-workers 

Since a study of cases m human beings is the most direct support of 
any theory that has beaung on a disease of man, we wish m this paper to 
add to our former experimental consideration of this subject a repoit 
of a number of cases which illustrate these points and which seem to us 
to have paiticular significance in their contrast to the work of Small and 
Birkhaug 

REPORT OF CASES 

Case 1 — J M , aged 9 J4, had had scarlet fever at the age of 4, followed by 
tonsillectomy The significant part of the history in this case is that in May, 1927, 
the patient had a sore throat, followed by polyarthritis Soon after, she developed 
pleurisy and bronchitis This continued for about two weeks, when she went 
to the Evanston Hospital At this time, she had a slight systolic murmur and 

14 This particular description was made from a section of a joint examined 
for us by Professor S B Wolbach 
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signs of an indefinite process in the upper lobe of both lungs Suspicion of 
tuberculosis was eliminated Taken East for the summer, she developed progres- 
sive signs of a cardiac lesion, shortness of breath and the classic picture of severe 
endocarditis Dr Frank Spooner Churchill, from whom we received this case 
report, regarded the history as typical of one of rheumatic fever which ran a 
steady course with occasional remissions until death, six and a half months after 
the onset Five different blood cultures taken a short time before death were 
negative The temperature after admission to the Children’s Hospital m Boston, 
though rarely higher than 100 or 101 F , occasionally reached 102 F , a short time 
before death it reached 103 F Autopsy, which was performed by Dr Shields 
Warren, showed an enormously enlarged heart, fibrinous pericarditis and only 
one small, grayish vegetation on the interior flap of the mitral valve This was 
removed aseptically for culture Other observations made at autopsy were con- 
sistent with the cardiac condition, and nothing relevant to this report was found 
except a few patches of bluish discoloration, which suggested to the pathologist 
either hemorrhage or early bronchial pneumonia 

A large number of cultures were taken from this case in which the heart’s 
blood, pericardial fluid, myocardium and heart valves were planted in three sets of 
mediums and incubated aerobically, under carbon dioxide, and in anaerobic jars In 
all, twenty-three separate cultures were made From the heart’s blood, a 
pneumococcus was obtained which probably denoted a terminal infection 
and could be correlated with the bronchial pneumonic patches on the lungs 
Of the other cultures, only two were positive One was a flask of broth 
containing sterilly removed pieces of myocardium and incubated under carbon 
dioxide , the other, a similar flask containing pericardial fluid From both of 
these, an alpha streptococcus was obtained which grew out after three days It 
was noteworthy that this organism was not present in the heart’s blood, and 
escaped detection in five blood cultures taken before death The pneumococcus may 
be explained by the fact that there were two or three small patches of congestion 
m the lung, which were regarded by the pathologist as possibly representing early 
bronchial pneumonic foci 

The streptococcus obtained in this case will be spoken of m fmther 
studies as streptococcus alpha, case 1 

Case 2 — W H , a boy aged 9, was admitted to the Children’s Hospital 
Except for the present one, there was no history of illness, with the exception of 
measles Three years previous to the time of admission he had had pain in the 
joints and some fever, and this had occurred almost erery year since then 
Eighteen months prior to admission, fever, nosebleed, pam m the left side and 
difficulty in breathing were present Fever lasted ten days, but the patient 
was kept in bed for two or three months He was reasonably well up to four 
weeks before admission He then developed pain in the left knee, which subsided 
m a day, but he did not regain his ordinary vigor About four weeks before 
admission, he developed increasing shortness of breath, nosebleed, pain in the 
left side and a temperature ranging between 101 and 102 F He was admitted to 
the hospital with a fever of 103 6 F Cough and expectoration, and a considerably 
enlarged heart with multiple murmurs were noted 

During his stay m the hospital, the temperature was continuously high, ranging 
about 101 F and occasionally reaching 105 F A blood culture taken on this child 
at a time v-hen the temperature rvas high revealed two types of streptococcus 
atjpical vindaus of the alpha -variety and a gamma strain of the type described by 
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Small m his studies This child was discharged impro\ed several "weeks after the 
blood culture was taken, the temperature having come down and the organisms 
having apparently disappeared from the blood 

The organisms obtained fiom this case will be spoken of as strepto- 
cocci, alpha and gamma, case 2 

With the cooperation of Dr Bleed of the House of the Good 
Samaritan, we hate dui mg the last two >ears taken careful blood cul- 
tmes in a number of these cases dm mg the febrile periods, always with 
negative results, and we hate nevei, therefoie, felt that we could 
definitely account foi the fevei During the past winter, we hate had 
ttt o further cases tvhich came to autopsy and which seem to us to git e a 
clue to this problem 

Case 3 — E B, a girl, aged 13, had an unreliable early history About fite 
tears previous to the time of admission to the hospital, a school physician dis- 
cotered a heart murmur Since that time she had been carefullt supervised, and 
because of the condition of her heart had been restricted as to school hours and 
exercise She had had periodic attacks of fever since that time and had been 
compelled to go to bed occasionally for a week at a time This condition continued 
until two months before admission to the House of the Good Samaritan At this 
time she developed cough, swelling of the feet and other signs of cardiac decom- 
pensation This diagnosis was confirmed on physical examination at the hospital, 
where mitral regurgitation and stenosis, aortic regurgitation, auricular fibrillation 
with rapid ventricular rate, pulmonary edema, large lner and ascites were deter- 
mined She died a few days after admission 

Observations made at autopsy were typical of a case of this kind As far a= 
the bearing on this report is concerned, it is important to note that there was in 
addition to the usual enlargement of the heart, considerable exudation into the 
pericardium, but no fresh vegetations were obsened Cultures were taken of the 
pericardial fluid and the heart’s blood In this case, a culture from the spleen 
was also taken, flamed bits of splenic tissues being planted in "\ arious mediums 

The heart blood and pericardial fluid w f ere sterile, but from one of the spleen 
flasks tw r o types of nonhemoljtic streptococci, one of the alpha z indents ^pe, the 
other of the gamma type, w r ere isolated 

These organisms will be lefened to as stieptococci alpha and gamma, 
case 3 

Case 4 — H M , a girl, aged 4, began to complain of stiffness and soreness of 
one leg and developed a stiff and swollen ankle a 3 ear previous to the time of 
admission All symptoms disappeared after the patient had remained m bed for 
a w r eek Tonsillectomy w r as advised but was not performed After three weeks 
the patient began to develop pams in the joints rather more severe than those 
during the first attack, and at this time a cardiac lesion w 7 as determined Seven 
months ago, she w T as admitted to the hospital, wdiere mitral stenosis and regurgita- 
tion w T ere determined She remained in more or less the same condition, usual in 
cases of this kind, with considerable evidence of mechanical difficulty in the heart 
and a gradual aggravation of the disease Finally she developed an acute peri- 
carditis with elevation of temperature, and died about eight months after admis- 
sion Blood cultures w 7 ere not taken during the course of her staj in the hospital 
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At postmortem examination, m addition to the greatly enlarged heart, there 
was fibrinous endocarditis, and there were a number of small vegetations on the 
mitral valve With the exception of a considerably enlarged spleen and liver 
and the other congestive conditions secondary to the cardiac insufficiency, there 
were no lesions 

In this case also all cultures were sterile except the one taken from the spleen, 
and the relative sparseness of organisms m the spleen was apparent from the fact 
that nothing grew on plates smeared with cut sections of the spleen, and only one 
of the spleen flasks developed a nonhemolytic streptococcus of the alpha vtndans 
type 

The last two cases indicate that m many of the cases of chiomc 
rheumatic endocarditis, the focus of persistent infection may lie in the 
spleen, since m both cases the heait’s blood and pericaidial fluid were 
sterile under cultural conditions identical with those to which the material 
from the spleen was subjected 

In view of the many claims of specific organisms m cases of rheu- 
matic endocarditis, the most recent ones by Small and Birkhaug, it is 
interesting to compare the various organisms obtained from these cases, 
so much alike m history and so typical of the rheumatic syndrome, in 
their bacteriologic and antigenic properties The mere fact of our 
obtaining two distinct forms from two cases is m itself significant, and 
confirms the observations of Swift and his co-workers 

In view of the problem as to place of lodgment of the organisms in 
the period between acute attacks, case 1 is interesting m that the only 
positive culture obtained — apart fiom the obviously incidental pneumo- 
coccus — was from the myocardium This is particularly significant in 
view of the observations of two of our former associates, Hopkins and 
Paiker, 15 who, m our laboratory m New York, studied the distribution 
of streptococci m rabbits fatally infected during the latent period between 
injection and the reappeal ance of organisms m the blood, during which — 
as Bull and others 10 have shown — the injected organisms disap- 
pear They found that dui mg this period the bacteria seem to be 
protected to some extent from destruction m the muscles, whereas m 
other organs, such as lung, spleen and liver, they are being actively 
phagocytosed 

The next two cases are significant m a similar way, m that they tend 
to reveal the localization of the responsible organisms in children with 
obvious chronic endocarditis of rheumatic nature m which blood cultuies 
are usually sterile It is, of course, well known that children with 
chronically damaged hearts following rheumatism, after weeks or months 
of apparent well-being and normal temperature, may often develop slight 
fever, rising to 102 F or even a little higher, during which there is an 
exacerbation of the general condition Such periodic attacks are usually 

15 Hopkins and Parker J Exper Med 27 1, 1918 

16 Bull J Exper Med 24 7 1916 
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accompanied by leukocytosis and have been regarded as a possible light- 
ing up of a latent focus of infection 

The data m tables 1 and 2 illustrate the antigenic differences between 
the vanous oigamsms isolated fiom these foui cases, as detei mined by 
agglutination The figuies show that each of the organisms agglutinated 
to a considei able strength m the serum of rabbits homologously 

Table 1 — Limit of Agglutination m So mn of Rabbits Immunized 

with Sti eptococcus 



Serum 

VS . 

Strain a Case 

- K 

1 

Serum 

Strain y Case 2 

_ _ JL 

Serum 

Strain a Case 2 

JL 

Organisms 

Rabbit 1 Rabbit 2 Rabbit 3 Rabbit 4 Rabbit 5 Rabbit 6 Rabbit 7 Rabbit S 

Streptococcus alpha 
case 1 

5120 

5120 

2560 

2560 

80 SO 

40 

SO 

Streptococcus alpha 
case 2 

320 

320 

160 

320 

80 160 

2560 

2560 

Streptococcus gamma 
case 2 

40 

SO 

40 

SO 

2560 2560 

80 

80 

Streptococcus alpha 
case S 

40 

40 

40 

40 

40 40 

40 

40 

Streptococcus gamma 
case 3 

0 

0 

0 

0 

0 0 

0 

0 

Streptococcus alpha 
case 4 

0 

0 

0 

0 

0 0 

0 

0 


Table 2 — Biologic Reactions 


Organisms 

Dex- 

trose 

Lac- 

tose 

Man- 

nite 

Saccha- 

rose 

Salicin Inulin 

Raffi- 

nose 

Bile* 

Streptococcus alpha 
ease 1, myocardium 
strain 

+ 

+ 

+ 

48 hours 

+ 

+ 

- + 

4 days 


Streptococcus alpha 
case 2 

+ 

+ 

— 

+ 

+ 

— 

— 

— 

Streptococcus gamma 
case 2 

+ 

+ 


+ 

+ 

± Slightly 
pink after 
10 days 

+ 


Streptococcus alpha 
case 3 

+ 

+ 

+ 

+ 

+ 

Very pink 
after 21 hours 
+ 

color dis- 
appeared 
gradually 

+ 


Streptococcus gamma 
case 3 

+ 

+ 

4* 

+ 

+ 

± Very 
slight pink 
after 10 days 

4- 


Streptococcus alpha 
case 4 

+ 

+ 

— 

+ 

+ 


+ 


* In this table the plus sign indicates acid in 
and the asterisk insoluble 

tw enty-tour hours, the minus sign, negative, 


immunized While there was some group reaction, theie was con- 
sistently feeble agglutination m heterologous serums, and with the stiams 
gamma of case 3 and alpha of case 4 theie was no agglutination m the 
serums pioduced with the other oigamsms 

Sugar fermentations also showed inconsistency, though less than 
agglutination, but it is noticeable that m case 3 there was considerable 
similarity m the sugar fermentations between the alpha strain and the 


gamma 
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We consider the agglutination heterogeneity the important point, 
since the v ork that is going on in our laboratory in the hands of Gnnnell 
on the mutation of various streptococci has caused us to feel much 
uncertainty regarding the peimanent fixity of such characteristics as 
action on blood 

In our preuous work on pneumococcus allergy, we believe 
that we obtained evidence that the antigen liberated by biologic 
lysis of bacteria m inflammatory foci was more potent for sensitization 
than the substances produced in vitro by chemical manipulation This 
supposition is further borne out by the recent work of Duval, 17 who 
found that when he injected hemolytic streptococci into the pleural cavi- 
ties of homologously immunized rabbits the exudate, within three 01 
four hours, contained substances more potent for skm reactions than the 
Dick toxin This is pertinent to our problem in view of the opinions 
recently expressed by r Dochez concerning the possible allergic nature of 
the scarlet fe\er reactions 

We repeated the Duval experiments with one of the alpha 
organisms , we injected a twenty-four hour, concentrated broth culture 
into the pleural ca\ity of an immune rabbit, and three hours later took 
out about 5 cc of pleural exudate Films from this showed a great number 
of polymorphonuclear leukocytes, but no bacteria This material was 
centrifugahzed clear and found to gi\e specific precipitation with a 
homologous serum which agglutinated in dilutions of 1 2,560 Injection 
of some of this material into the skm and in joints of a sensitized rabbit 
was suggestn e, but not absolutely conclusive , however, the experiments 
all shoved that, within the body of an immunized animal, bacterial 
substances are liberated, probably by lysis, in a concentration sufficient 
to gne specific antigenic reactions 

SUMJIARA 

We Ime reported the cases described in this paper because they 
seemed to us to illustrate certain features in the bacteriology of rheumatic 
f ei er v hich were inconsistent with the assumption of a specific and single 
bactenologic etiology m this disease The cases were all of more or less 
the same clinical group , the organisms antigemcally and m other respects 
differed from each other 

Moreo\ er, the isolation of the bacteria m one case from the myo- 
cardium and in tvo — which illustrate the more chronic type of the dis- 
ease — from the spleen, seems to us to offer a reasonable explanation for 
the frequent absence of these organisms from the blood stream and to 
point to the probable localization of the bacteria during the prolonged 
periods of quiescence This also indicates the places from which cultures 


17 Drnal and Hubbard J Evper Med 46 379, 1927 
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at autopsy may be expected to yield the streptococci when the) aie absent 
fiom the blood and the pencaidial exudate 

Moreovei, a coordination of the obseivations in these cases with out 
prolonged expenmental studies on bacterial alleig) seems to us to lend 
added support to the point of view that focal infection with a consequent 
sensitization of the body is m keeping with the many otheiwise conti a- 
dictoiy experimental and clinical observations that ha\e been made on 
this disease, and to lend added weight to the view that the allergic theoi v 
is a leasonable one as applied to the causation of man) of the manifesta- 
tions of lheumatic fevei 

We have not yet been able m our experimental woik to produce joint 
lesions m alleigic animals except by direct injection of the antigen into 
the joints All attempts to arouse sterile joint reactions m eithei alleigic 
labbits 01 gumea-pigs by injecting the antigen intiavenously 01 mtia- 
pentoneally have so far failed, although we have been attempting this 
foi a number of yeais Indeed, we have found that success m producing 
joint manifestations of any seventy have usually necessitated lepeated 
injections of the same joints 

The experimental circle of evidence, therefoie, is not entirel) closed, 
but it may be that m man the fiequent association of joint manifestations 
with chilling, exposuie, etc , may be due to the establishment thereb) of 
abnormal circulatory communication between joints and the blood 
stream, m which sensitizing contact between the constituents of the blood 
stieam and the joints can take place in a focally infected alleigic person 

It seems to us possible that the curious fiequency with which non- 
hemolytic stieptococci aie associated with the disease, while at the same 
time the nonhemol)tic stieptococci so found lepiesent many vaneties, 
may be due to the fact that with these organisms that pecuhai balance 
between mvasiveness and lesistance is established m man, which most 
easily results m chronic infection 

At the same time, in appiaismg the significance of the difteient vane- 
ties of oigamsm which Swift and his co-workeis, as well as we ourselves, 
have found m one and the same case, we must remembei that studies on 
bacterial mutation aie consideiably altering oui ojunions concerning the 
fixity of species, and modifications of the organisms inhabiting the body 
foi months and years must be considered as possibilities until this chaptei 
of bacteriology has made furthei progress 

The suggestion that many of the manifestations of rheumatic fever 
aie dependent on the mechanism of bacterial hypei sensitiveness is not 
a new one, but has been gaming force On the whole, our obsenations 
of the last four or five years, both m the expenmental study of bacterial 
allergy and in the analysis of clinical material, incline us to favor this 
view lather than that favoied by Small, Birkhaug and others m which 
a single specific toxm-foimmg oigamstn is held responsible 
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Immunity in Syphilis By Ala.n Chesney, M D , Johns Hopkins Medical 
School Medicine monograph 12 Price, $2 50 Pp 85 Baltimore Williams 
& Wilkins Company 

The nature of syphilis is such that every specialty in medicine, including public 
health, is vitally interested m advances made m the study of this disease The 
literature on syphilis is scattered in the medical journals of every specialty of 
every country On this account, it is especially gratifying to note that the important 
contributions bearing on immunity in syphilis have been brought together in 
monograph form by Dr Chesney in a very readable book of about eighty pages 
It is recommended that clinicians and laboratory workers interested in this 
subject should read the book from cover to cover Those who cannot do this, 
will find a complete general summary in a few pages given at the end of the 
monograph, where the present status of this important problem is tersely presented 
Some of the most significant and pointed of the author’s remarks are as 
follows Man, monkey, rabbit and guinea-pig are the only animal species now 
known to be susceptible to infection with Spirochaeta palhda Nothing is known 
as to individual immunity in syphilis, and no race of man appears to be insusceptible 
Second attacks of syphilis in the same person are extremely rare Syphilitic 
persons gradually acquire a resistance against the virus introduced into the skin 
This resistance, however, is only relative and is more pronounced during the later 
stages of the disease 

Experimentally, monkeys and rabbits acquire a resistance to a second infection 
after a certain period of time Rabbits may acquire, during the course of syphilis, 
an immunity which will proceed after the infection has been abolished Experi- 
ments with rabbits also show that immunity which develops in these ammals 
during the course of syphilitic infections, is more effective against a second inocula- 
tion with homologous strains than with heterologous strains 

Attempts to produce in man or other animals active immunity to syphilitic 
infection by using syphilitic tissue, cultures of spirochetes, living or dead, syphilitic 
virus or their products have been uniformly unsuccessful, provided the disease 
itself was not produced Also attempts to confer immunity to syphilis by passive 
transfer of serum have likewise been fruitless Infection with virulent virus seems 
necessary to produce immunity 

Antibodies such as agglutinins, precipitms and similar substances have been 
observed in the serum of animals following immunization, especially with the 
cultures Such bodies have also been observed m the serum of patients with 
sj philis , but it is not at all certain that such substances have anything to do with 
natural or acquired immunity in this disease 

The immunity mechanism in syphilis is not at all clearly understood Antibodies 
circulating in the blood do not appear responsible for acquired resistance The 
facts would seem to point to the cells as being of prime importance in the resistance 
mechanism It seems certain that the tissues of the syphilitic person have the 
capacity to react to new syphilitic virus in a way wholly different from that mani- 
fested by the normal person Spontaneous sterilizing immunity in syphilis, if it 
ever occurs, must be extremely rare 

Man, as a rule, is incapable of eliminating syphilitic infection from his body 
unaided, though he does possess the ability to react and to limit somewhat its 
extent This reaction is incomplete, however, though effective for a long time 
Its incompleteness may be due in part to an immunization on the part of the 
invading organism against the host, so that a mutual adjustment, as it were, 
proceeds whereby a state of ideal parasitism is approximated 

A valuable bibliography containing the most important references to this 
subject is appended 



BOOK REVIEWS 


311 


TrABAJOS Y PUBLICACIONES DC LA CLINICA DEL PROCESSOR PEDRO EsCUDI RO 

By Edmund Andrews Volume 2 Price, $12 00 Buenos Aires El Ateneo 
Florida 371, 1926 

This second volume of the publications of Escudero’s clinic contains forty- 
nine articles The caliber of the work is easily up to the high standard of the 
first volume, and the reviewer regrets that the material of our South American 
colleagues cannot be made available to speakers of English as ours is to them in 
the Spanish Edition of the Journal of the Amencan Medical Association 

Owing to lack of space only a few of the important communications are men- 
tioned in this review 

Much of the volume is taken up with careful studies on the value of the high- 
fat diet m diabetes This series of articles, mostly by Escudero himself, is an 
accurate and painstaking analysis of many cases m which the Allen method of 
treatment is used The results of these studies are favorable 

Another interesting set of reports is that concerning the series of biopsies of 
bone marrow made in cases of various blood dyscrasias The procedure 
is simple and safe An incision through the skin and periosteum 0 5 cm long is 
made over the head of the tibia under local anesthesia, and a small hole drilled 
into the medulla An anesthetic is not needed for this stage Smears of the 
exuded marrow give a much exaggerated picture of the conditions found in the 
blood and the characteristic cells are found at an earlier stage in the disease 
The authors are led to conclude that this is an important adjunct in the diagnosis 
of many diseases of the blood 

Another interesting feature is the study of eleven cases of gastric ulcer cured 
by cholecystgastrostomy The condition in all the patients had endured for many 
years since the operation All the patients were clinically well Radiological 
examinations did not give any indication of ulceration, and no complications of 
any sorts had arisen Chemical analysis showed that the degree of acid in the 
stomach had been markedly lessened 

Escudero’s test for latent diabetes as used by him in certain diseases of the 
skin and the eyes, etc , appears to have a real value He says (p 394) “It appears 
then that in a healthy individual, a great quantity of carbohydrate ingested in 
a short time produces a stimulation of the activity of the pancreas bringing about 
a state of hypersecretion This state of hypersecretion is sufficiently sustained 
so that at the end of 3 hours, not only has the excess of sugar incorporated in 
the blood been made to disappear, but also the blood sugar has been lowered to a 
point below that at the beginning of the experiment ” Finding a blood sugar level 
higher than before is indicative of a latent diabetes Utilization of this test has 
revealed latent diabetes in a number of cases and excellent clinical results have 
come about from antidiabetic therapy in such cases 

Elements of Physiology For Students or Medicine and Advanced 
Biologv By Ernest G Martin, PhD, Professor of Physiology in 
Stanford University, California, and Frank W Weymouth, Associate Pro- 
fessor of Physiology in Stanford University, California Price, $800 Pp 784, 
with index and 133 illustrations Philadelphia Lea & Febiger, 1928 

This is on the whole a well written textbook of physiology intended for 
graduate and medical students Dr Martin, senior author, is known not only for 
his many important researches in physiology but also for his revision of the old 
classic, Martin’s “Human Body” The subject of physiology is treated under 
four mam headings 

Part 1, the nature and capacities of protoplasm, is written by Dr Martin 
There are nine chapters of 154 pages which deal with cell organization, cell mem- 
branes, chemistry of life processes, conduction, reflex action and gland function 

Part 2 also written by Dr Martin, has as a general heading cell environment 
It consists of five chapters, on regulation of neutrality, on inorganic salts, vitamins, 
hormones and oxygen 
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Part 3, by Dr Martin, under the heading, body maintenance, includes fifteen 
chapters, dealing mainh w ith the physiology of the blood, circulation, respiration, 
digestion, secretion and metabolism 

Part 4, termed external adjustment contains twelve chapters, most of them 
written by Dr Wey mouth This section deals with the nervous system and sense 
organs, with a final chapter on reproduction 

There is some unavoidable repetition because of the arrangement of the material 
Despite this the book is on the whole concise and as critical and accurate as one 
can expect where the whole complex subject of physiology is treated by two men 
One is told in the preface that the authors had two “key -principles” in mmd 
in preparing the book the first is to present the essential groundwork of general 
physiology applicable to all living things, the second is that every protoplasm 
cell is inherently a cell sustaining system One can readily see the importance of 
the first so-called key -principle, but the importance of the second principle in the 
preparation of a textbook as a guide to graduate and medical students is not so 
clear, at least in the present status of the science of physiology Nevertheless, 
the book will undoubtedly take its place with the best in the field today' 

Haxdbuch der ixxerex Medizix Hervesgegebex \ox G v Bergwaxx 
und R. Staehelix IV Baxd I Tfil Beet Bew eguxgsapparat 
Koxstitetiox Stoffwechsel Von L Mohr und R Staehelix 
Second edition Berlin Julius Springer, 1926 

For many years the public has waited for the new edition of the “Handbuch 
der inneren Medizin ion L Mohr und R Staehelm” which during the most 
important period of the development of modern medicine m Germany w r as probably 
a “Handbuch ’ rather unique in its completeness and thoroughness The enormous 
demand which the new edition by G v Bergmann and Staehehn encountered 
abroad is the best proof of the value of this encyclopedia of internal medicine 

The fourth volume, first part, which is the subject of this review', discusses the 
Blut, Bew egungsapparat, Konstitution, Stoffwechsel, Blutdrusen, Erkrankungen aus 
phy sikahschen Urachen, Vergiftungen The men who have contributed to this 
volume are V Alwens, M Cloetta, G Denecke, R Doerr, W Falta, E St 
Faust, E Hubener M Klotz, L Lichtwitz, F Lommel, M Ludm, Erich Meyer, 
P Morawitz, R Staehelm, E Steimtz, R von den Velden and H Zangger The 
names of several of these scientists are well known also m this country' The most 
surprising and important fact for the reader is how concise this work is and how 
each of these men figures as a functional part for the integration of an entity As 
of especial interest for the American reader, I wish to point out the chapter 
about the clinical constitution by R von den Velden, “The Diseases of the Blood 
and the Hemogenetic Tissues” by P Morawitz and G Denecke, and that on 
metabolic diseases by L Lichtwitz No well proved fact and no important theory 
are missed by those authors The bibliography is, one may say, complete The 
publisher, Julius Springer, Berlin, is to be congratulated on the excellence of the 
edition This encyclopedia ot internal medicine will be of great value for scientists, 
teachers and students It should be a part of every scientific library' 
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TAPEWORM ANEMIA 

THERAPEUTIC OBSERVATIONS |: 

RAPHAEL ISAACS, MD 
CYRUS C STURGIS, MD 

AND 

MILLARD SMITH, MD 

ANN ARBOR, MICH 

The cause of the anemia which appeals m a small peicentage of 
peisons haibonng Dtbothryocephalus latus ( Diphyllobothuum latum) 
has not received, as yet, an adequate explanation Ehrstrom 1 estimated 
that m Finland, where from 250,000 to 275,000 inhabitants aie 
Dibothi yocephalus hosts, only from 0 1 to 0 5 per cent of those infected 
with the tapewoim develop anemia A coi respondmgly small peicentage 
was noted in other countnes Ehistiom pointed out that anemia may 
appear in a small, but relatively almost as frequent a, percentage of 
patients infected with Taenia sagmata , T solium and Ascaus lumbn- 
coides Pmey,- among others, noting its close resemblance to pernicious 
anemia, suggested that it may be a foim of this type of anemia which 
has been elicited in susceptible persons by the toxins of the tapewoims 
A constitutional predisposition plus the stimulus given by the tapewoim 
gives use, m the host, to symptoms and signs which aie fiequently 
indistinguishable fiom those of pernicious anemia in nomnfected peisons 
Schauman 3 noted l elapses in some patients many yeais after the expul- 
sion of the paiasites, even in the absence of reinfection He also noted 
true pernicious anemia in lelatives of patients with anemia who weie 
infested It has been suggested that the tapeworms may be maceiated 
or otherwise abnoimal in those who developed anemia, and that the 
intact and healthy tapeworm is not harmful to the host in this respect 
This obseivation, however, has not been confirmed m all cases Schau- 

* From the Thomas Henry Simpson Memorial Institute for Medical Research, 
University of Michigan 

1 Ehrstrom, Robert Zur Frage des gastromtestmalen Ursprungs der per- 
ni7iosen Anamie, Ztschr f klin Med 105 106, 1927 

2 Piney, A Recent Advances in Haematology, Philadelphia, P Blakiston's 
Son & Co , 1927, p 71 

3 Schauman, O, quoted from Piney (footnote 2, p 71) 
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man and Tallqvist 4 and others 5 6 have found that the proglottids of the 
tapeworm may contain 10 per cent (of solids) of cholesterol oleate 
This substance, while hemolytic m vitio, is apparently not effective on 
parenteral injection The ground up bodies of the tapeworms, however, 
exert a hemolytic action both m the test tube and in the body The active 
substance is alcohol soluble and is bound to the tissues but not to the 
lipoids (Syderhelm 0 ) The presence of a hemolytic substance m the 
tapeworm does not account, however, for the differences m reaction of 
the hosts 

The resemblance of the blood picture to that of pernicious anemia 
suggests that a similar mechanism affecting the hemopoietic system may 
be present m both diseases As Minot and Murphy 7 had shown that 
the blood of patients with pernicious anemia could be restored to normal 
when Yi pound (227 Gm ) of liver was eaten daily, this regimen 
was tried on a patient having a marked anemia and Dibothryocephalus 
lotus infection 

REPORT OI' CASE 

The patient was a well developed, obese, white woman, aged 53 She was 
born in Russia (Lithuania), but at the age of 10 years came to America and 
lived in Detroit Her father was living and well at the age of 70, but her mother 
had died of pernicious anemia two years previous to the patient's admission to 
the hospital The physician who treated the mother reported that she had had “an 
undoubted case of pernicious anemia, with typical blood picture, cord symptoms, 
palpable spleen and occasional petechiae The stools were negative for blood and 
ova ” 8 Three sisters and three brothers, as well as the husbandj did not show 
signs of anemia The patient had been married for thirty years and had had 
ten children One died at birth following a “dry labor,” and one at the age of 
7 months of pneumonia She had not had any miscarriages After the tenth 
pregnanci a “laparotomy with sterilization” was performed, resulting m an 
artificial menopause The only previous illness of note was an attack of 
“bronchitis ’ about three years previous to the present admission She was then 
confined to her bed for three weeks 

The chief complaint during the present illness was “weakness ” This had 
started insidiously about two years previously, with loss of appetite and increased 
nervous irritability About five months before admission, the fatigue and weak- 
ness became more marked and the patient noted some numbness of her fingers 
She also noted that her feet were dragging and that she could not walk as well 
as previously Apparently there was no change m sensation, except that the lower 
extremities felt heavy Later, she had a moderate diarrhea which lasted three 

4 Schauman, O , and Tallqvist, T W Ueber die blutkorperchenauflosen- 
den Eigenshaften des breiten Bandwurms, Deutsche med Wchnschr 24 312, 
1898 

5 Tallqvist, T W Zur Pathogense der permziosen Anamie, mit beson- 
derer Berucksichtigung der Bothriozephalusanamie, Ztschr f klin Med 61 427, 
1907 

6 Syderhelm, R Zur Patliogenese der permziosen Anamien, Deutsches 
Arch f klin Med 126 95, 1918 

7 Minot, G R, and Murphy, W P Treatment of Pernicious Anemia bv 
a Special Diet, JAMA 87 470 (Aug 14) 1926 

8 Maver W D Personal communication to the author 
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or four da\s This disappeared spontaneous^ , but some epigastric distress v ith 
gaseous distention and a tendency to belch remained During the month preced- 
ing this she had noticed a sore tongue “Elisters” appeared on her lips and tongue, 
and the latter was reddened Her gums were frequently sv ollcn, but she 
attributed this to irritation from her false teeth 

About two years before the present examination, the patient noted two lengths 
of a flat tapeworm, one about 2 feet (609 cm ) long She neecr noticed anj more 
after that The source of the infection is not clear The patient v as alv a\ s 
fond of fish, having been in the habit of eating white fish, perch or pike at least 
twice a week Little meat or vegetables were eaten Other members of the 
famil} did not show evidence of infestation, and eggs were not found in their 
stools 

The outstanding features on phjsical examination were the intense yellov ish 
pallor of the skin and mucous membranes The hair and the ins of the eyes 
were dark brown The fundi did not show evidence of hemorrhages The tongue 
w r as smoother than normal but was not atrophied A large abdominal hernia was 
present at the region of a medial scar from the laparotomy The heart appeared 
normal The systolic blood pressure was 135, diastolic, 70 The lungs showed 

Table 1 — Differential Leukocyte Count 


Per Cent 

Pol>morphonucIear neutrophils, adult 29 5 


Pol>morphonuclear neutrophils, young 6 0 

Polymorphonuclear eosinophils 1 0 

Pol> morphonuclcar basophils 0 5 

Mi elocytes 1 0 

Metamj elocy tes 4 0 


Myeloblasts 

Per Cent 
1 5 

Small lymphocytes 

20 5 

Large lymphocytes 

25 5 

Monocytes 

20 

Crushed cells 

7 5 

Hemohistioblasts 

1 0 


Table 2 — Measurements of Red Blood Cells 


Per Cent 


3 75 microns 1 5 

4 50 microns 3 5 

5 25 microns 2 5 

6 00 microns 5 5 

6 75 microns 9 5 

7 50 microns 18 5 

8 25 microns 20 5 


Per Cent 


9 00 microns 215 

9 75 microns 10 5 

10 5 microns 2 5 

1125 microns 2 0 

12 0 microns 1 5 

12 75 microns 0 5 


evidence of a mild bronchitis The spleen was not palpable, but the edge of the 
liver w r as soft and palpable 8 cm below the costal margin The reflexes were 
slightly more active than normal, and the vibration sense was within normal 
limits Her best weight had been 150 pounds (68 Kg) seven jears pretiously 
She had lost w'eight during the latter part of the illness, so that when she presented 
herself at the hospital she weighed 117^4 pounds (53 3 Kg) 

The temperature during the first eight days m the hospital ranged from 99 to 
102 F, being lower in the morning and higher in the evening and reaching normal 
on the fifth day after the administration of liver was begun and remaining normal 
thereafter Free hydrochloric acid was not found m the fasting gastric contents 
or in three successive fractions taken at half hour intervals after a gastric test 
meal Blood was not found in the gastric contents The stools shov ed many eggs 
of Dibothryocephalus ( Diphyllobothnum ) talus, but blood was not found The 
blood count on admission showed 1,940,000 red blood cells per cubic millimeter, 
6,600 white blood cells per cubic millimeter and 33 per cent hemoglobin (Sahli) 
The differential leukocyte count is shown in table 1 

The measurements of the cells on admission are shown in table 2 
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The red blood cells were hjperchromic There "was 15 per cent of reticulo- 
cjtes Moderate poikiloc} tosis was present, and many of the large red blood 
cells were oval There wrnre 264 nucleated red blood cells per cubic millimeter 
Most of the nucleated red blood cells were of macronormoblast type, but numerous 
megaloblasts w'ere found Stippled red blood cells and some wuth Howell-Jolh 
bodies, Cabot’s rings and nuclear particles were present Some of the large red 
blood cells W'ere round or irregular, wuth uniform staining and an absence of a 
clearcut edge Some of the microcytes were pale, and some w r ere stippled The 
platelets w r ere slightly decreased in number 

In view of Macht’s 0 obsenation on the inhibitor}' effect of pernicious anemia 
serum on the grow th of lupm seedlings m Shive s solution (prepared by mixing 
104 cc of 0 5 molar solution of calcium nitrate, 30 cc of 0 5 molar solution of 
magnesium sulphate, and 36 cc of 0 5 molar monopotassium acid phosphate with 
distilled water sufficient to make 1 liter) the serum of the patient was tested on 



Fig 1 — Graph showung changes in the red blood cell count and ieticuloc\te 
percentage during the course of treatment 


two occasions, one before the tapewmrm w'as removed and w r hen the red blood 
cell count W'as 1,220,000 per cubic millimeter, and the other after the removal 
of the worm and when the red blood cell count w-as 4,210,000 per cubic millimeter 
On the first occasion the growffh w r as 60 per cent of that of the control, and on 
the second occasion the grow th w>as 75 2 per cent of the growhli of the control in 
twenty-four hours There was definite inhibition of growffh b> the serum taken 
from the patient before the treatment wuth liver was started, commensurate with 
that which Macht outlined for the blood of persons wuth pernicious anemia 
The bile indexes and quantitative bilirubin (van den Bergli) readings are 
given in table 3 

The patient was treated wuth x / 2 pound of raw, finel} ground, calf’s liver 
daily, and during this time antihelminthic medication w r as not given Her blood 
responded just as that of a patient with typical pernicious anemia, wuth a rise in 

9 Macht, D I Etiology, Diagnosis and Treatment of Pernicious Anemia, 
T ^ M A 89 753 (Sept 3) 1927 
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the reticulocyte percentage to 39 per cent, followed by a return to almost normal, 
and then a second rise to 11 6 per cent The hemoglobin percentage rose steadily, 
and there was a definite rise in the red blood cell count When the blood count 
was approaching normal (on November 4, fig 1), the patient received six doses of 
1 cc each of oleoresin of aspidium in capsules while fasting, after a preliminary 

Table 3 — Data of Bile Index and Bihiubxn Readings 


October 14 
October 18 
October 28 
November 2 


Bile Index 

60 

15 

5 

5 


Van den Berg (Indirect) 

1 5 milligrams per cent 
1 2 milligrams per cent 
0 9 milligrams per cent 
0 4 milligrams per cent 


Table 4 — Changes in Blood Counts with Pi ogi css of Disease 




Red Blood 

White 

Reticulated Red 




Cells (Millions 

Blood Cells 

Hemoglobin 

Blood Cells 


Date 


per Cu Mm ) 

(per Cu Mm ) 

(per Cent) 

(per Cent) 

Therapy 

Oct 

12 

1 94 

6,600 

33 

1 5 


Oct 

13 

1 45 

3,800 

33 

1 7 


Oct 

14 




2 2 


Oct 

15 

1 31 

5,850 

28 

0 6 

— Feeding of liver 

Oct 

16 

1 10 

6,050 

30 

2 0 

started 

Oct 

17 

1 29 

4,400 

28 

3 3 


Oct 

18 

1 22 

9,550 

28 

3 5 


Oct 

19 

1 32 

14,750 

2S 

11 8 


Oct 

20 



29 

13 1 


Oct 

21 

1 81 

S,700 

34 

31 4 


Oct 

22 

2 15 

8,350 

40 

39 9 


Oct 

23 

2 37 

6,400 

41 

20 7 


Oct 

24 

2 77 

7,750 

50 

27 0 


Oct 

25 

2 43 

5,750 

50 

7 2 


Oct 

26 

2 34 

8,500 

50 

8 1 


Oct 

27 

3 06 

8,050 

50 

9 0 


Oct 

28 

2 87 

7,350 

55 

11 6 


Oct 

29 

3 28 

8,850 

53 

5 4 


Oct 

30 

3 31 

8,850 

55 

7 3 


Oct 

31 

3 30 

8,400 

54 

1 0 


Nov 

1 

3 02 

10,150 

63 

1 6 


Nov 

2 

3 21 

9,500 

64 

1 5 


Nov 

3 

3 90 

10,900 

64 

4 5 


Nov 

4 

3 71 

10,550 

63 

2 4 

— Antihelminthic 

Nov 

5 

3 93 

10,700 

68 

1 0 

m e dication , 

Nov 

6 

4 09 

12,250 

63 

1 1 

tapeworms c\ 

Nov 

7 

3 65 

11,300 

62 

0 7 

pelled, feeding 

Nov 

8 

3 70 

15,900 

62 

0 7 

of liver dis 

Nov 

9 

3 63 

10,800 

63 

0 8 

continued 

Nov 

10 

4 16 

12,150 

64 

0 2 


Nov 

11 

4 49 

11,050 

63 

1 0 


Nov 

12 

4 19 

11,550 

64 

1 1 


Nov 

13 

4 30 

11,650 

66 

0 7 


Nov 

14 

3 85 

13,650 

61 

0 8 


Nov 

15 

4 21 

11,250 

65 



Nov 

28 

4 25 

11,750 

71 

0 8 


Jan 

10 

4 96 

7,450 

70 



March 

12 

4 41 

5,950 

60 




treatment with magnesium sulphate Two tapeworms of the Dibotlnyoccphalus 
latus type were passed, one about 9 feet (274 cm ) long and the other about 
12 feet (365 8 cm ) long, when measured under slight tension One was pinkish 
gray, the other slightly yellower Except for a few terminal segments which 
were macerated, the tapeworm appeared in good condition 

After the expulsion of the tapeworms, the eggs were no longer found in the 
stools Ingestion of liver was discontinued, and a regular diet without liver or 
kidneys was prescribed Improvement continued without interruption 
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In order to determine the presence of toxin in Dibothi yocephahis latus and 
the possibility of absorption of this toxin by the patient, 20 Gm of the tapeworm 
was ground in a mortar with 200 cc of physiologic sodium chloride solution until 
the tapeworm was entirely emulsified This mixture was then placed m a bottle 
and shaken for fifteen minutes and filtered through filter paper and then through 
a Berkefeld filter The filtrate was cultured aerobically and anaerobically to 
insure sterility, and when this was confirmed, 01 cc of the sterile filtrate was 
injected intradermally into the patient and also into a normal person 

The patient did not show at any time a wheal formation at the point of injec- 
tion She was therefore not sensitized cutaneously to the toxins or proteins of 
soluble nature in the tapeworm At the end of eighteen hours, at the point of 
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Fig 2 — Graph showing the measurements of the red blood cells before and 
after treatment, m comparison with those of normal persons 

# 

injection, both the control and the patient showed a small area of erythema 1 cm 
in diameter This demonstrated that there was little toxic material m the 
tapeworm substance and that the patient was not immunized to the small amount 
of toxin present Presumably, therefore, she had not been absorbing toxic 
metabolic products from the parasite The degree of toxin present is in no way 
comparable to that obtained from streptococci and other common organisms, 
because soluble filtrates from these organisms in 1 100 dilution produce large 
areas of erythema The dilution of the tapeworm filtrate used was 1 10 

Table 4 shows the changes m the blood counts with the progress of the disease 
As the patient improved, the red cells approached normal in size and shape A 
comparison of the size of the cells at the beginning of the treatment with those 
at the end of the treatment is shown in figure 2 
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The patient’s weight on discharge was 122 pounds (55 3 Kg ) She appeared 
normal in all respects and was found to be perfectly healthy during five months 
of subsequent observation during which liver or kidneys were not eaten She 
gamed m weight and felt well On March 12, 1928, five months after the patient 
was first examined, free hydrochloric acid was not found m the stomach contents 
one-half, one and one and a half hours after a gastric test meal 



Fig 3 — Segments of Dibothryocephalus latus (Diphyllobothrium latum) 
tapeworm injected with india ink to show the configuration of the uterus 
(Isaacs J Lab & Clin Med 7 691, 1922) 


COMMENT 

The interesting features of the case are the resemblance to pernicious 
anemia, as has been noted frequently in the literature, and the improve- 
ment in the blood picture on a therapeutic legimen for pernicious anemia 
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The infection probably originated m Russia The anemia usually dis- 
appears in this type of infection with the removal of the parasite, but 
m this case the anemia was decreased even when the parasites were 
still present There is evidently some substance in liver which must 
counteract the anemia producing mechanism both m the addisoman as 
well as in this type of anemia In both are found a macrocytic anemia 
(here 59 per cent of the red blood cells were 8 25 microns or laiger), 
an increase m bilirubin, achlorhydria, fever and gastro-mtestmal and 
neurologic symptoms with features that go with a deficiency in red 
blood corpuscles In these respects the two diseases appear identical, 
lending some support to the concept that Dtbothi yocephalus infection is 
one of the possible mechanisms by which a pernicious anemia-like condi- 
tion may be elicited in susceptible persons The presence of pernicious 
anemia in the family (the mother) is confirmatory of this 

The relatively high icterus index and bilirubin content of the blood 
serum before treatment was started indicate that there was increased 
pigment metabolism, presumably from the hemolysis of red blood 
corpuscles A possible hemolytic agent is found in the tapeworm, but 
there is apparently an additional factor necessary in the host before 
the material can be absorbed in amounts sufficient to cause marked 
destruction of red blood cells as so few of the carriers of the tapeworm 
develop anemia The disease, however, does not appear to be primarily 
a hemolytic anemia The presence of true megaloblasts in the peripheral 
blood stream and the increase in the numbei of reticulated red blood 
cells m the blood after liver feeding indicate that the bone marrow is 
in a state of hyperplasia with the bulk of the cells m an immature 
(nucleated) state The leukopenia, accompanied by the presence of 
immature white blood cells as well as atypical and pathologic forms, is 
confirmatory of this, as this is the change that accompanies the malig- 
nant hyperplasia of immature erythroblastic tissue, as shown by Pea- 
body and others Aftei recovery, the general “leukocyte picture” was 
more normal, although an occasional metamyelocyte was noted, as well 
as a pathologic lymphocyte The lymphocyte count and percentage 
remained high (41 5 per cent on Jan 10, 1928) Although one may 
expect an eosmophilia in an infection with tapeworm, the percentage 
did not increase m this case until after the feeding of liver was started 
This may have been a “liver response” such as has been noted after 
feeding liver to patients with pernicious anemia by Watkins and 
Berglund 11 and by Wffitby 12 and others While the percentage of 

10 Peabody, F W The Pathology of the Bone Marrow in Pernicious 
Anemia, Am J Path 3 179, 1927 

11 Watkins, Charles H, and Berglund, Hilding Analysis of Morphological 
Blood Changes in Pernicious Anemia Following Administration of Liver, Proc 
Soc Exper Biol & Med 25 206, 1927 

12 Whitby, L E H Leucocytic Changes Resulting from the Treatment of 
Pernicious Anemia with Liver, Lancet 214. 285, 1928 
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eosinophils varied from 0 to 2 5 before the treatment with liver was 
started, it reached 5 per cent seven days later, 6 per cent in the second 
week and 8 per cent two months after lemoval of the tapeworm As 
liver was not eaten during these two months, the peisistent eosinophiha 
must have been related to some other factor 

The persistent achlorhydria resembles that of addisoman pernicious 
anemia 

The liver diet was discontinued after the expulsion of the tapeworm 
in older that the further progress without the special diet could be 
noted Improvement continued, as it usually does in such cases It is 
possible, of course, that this case may have been one of true pernicious 
anemia with an incidental infection with tapeworm Apparently all 
cases of Dibothyocephalus anemia are not as charactei istic of the 
addisoman type as this one 

SUMMARY 

A case of Dibothryocephalus latus ( Diphyllobotln mm latum ) anemia 
is described m which the blood picture, increase m bilirubin, achlorhydria, 
fever, neurologic and other clinical symptoms were indistinguishable 
from those of pernicious anemia The patient’s mother had died of per- 
necious anemia It was found possible to cause a hematopoietic remis- 
sion, with disappearance of the symptoms, by feeding liver daily, even 
though the parasite was not removed Removal of the parasite, which 
was effected later by the admmisti ation of oleoresm of aspidium, 
accompanied the continuance of the convalescence Evidence for the 
presence of soluble toxins was not obtainable from mtradermal tests 
with saline suspensions of the tapeworm 



DANGER OF THE ADMINISTRATION OF EPHEDRINE 

IN HEART FAILURE M 

W A BLOEDORN, MD 
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AND 
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WASHINGTON, D C 

While ephedrme has been employed in Chinese medicine for over 
five thousand years, it has been only in the past five years, since its 
reisolation and careful study by Chen and Schmidt, that modern medi- 
cine has added it to the list of drugs in daily use In 1923, Chen called 
attention to ephedrme and conducted a careful study of its physiologic 
effect, so that m a short time the drug became popularized and freely 
used by practitioners of medicine and even by laymen 

At the present time, the drug is widely used for a variety of condi- 
tions, and the literature contains many interesting and instructive articles 
regarding its pharmacology, mode of action and therapeutic uses 

From time to time attention has been called to certain untoward 
effects from the use of this drug, and it is not considered amiss at this 
time to emphasize the point that this drug is not without danger, and 
that its indiscriminate use without a careful study of its mode of action 
and therapeutic limitations is to be condemned 

The chief action of ephedrme appears to be due to stimulation of the 
sympathetic nervous system, and the effects are similar to those of 
epinephrine Ephedrme acts as a circulatory stimulant, largely due 
to its action on the cardiac accelerator mechanism, but if toxic doses 
are given, a fall m blood pressure and a depressor action on the heart 
muscle aie noted It appears to cause constriction of blood vessels sup- 
plied with vasoconstrictor nerves, more marked in the splanchnic area 
than m the limbs 

Other effects of ephedrme are inhibition and relaxation of intestinal 
muscles, stimulation of the uterine muscle and dilatation of bronchi and 
mydriasis 

Coincident with the rise in blood pressure, there is a definite increase 
in the cardiac rate, and occasionally various types of arrhythmia occur, 
particularly extrasystoles, and sometimes evidence of acute cardiac 
failure 

Ephedrme does not seem to be very toxic for certain animals, and 
the minimum fatal dose is from 100 to 145 mg per kilogiam m rats 


* From the Department of Medicine, U S Naval Medical School 
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The drug is effectively absorbed from the intestines or may produce 
its effect following subcutaneous or intramuscular injection Solutions 
are stable indefinitely and are not decomposed by boiling 

Ephednne has been used as a circulatory stimulant in Addison’s 
disease, and its efficiency as a bronchodilator has made it a valuable 
remedy in bronchial asthma Its mydriatic effects are similar but more 
marked than those of cocaine 

Ephednne has certain ad\ antages over epinephrine in that its effects 
are more lasting, its solution is more stable and results may be secured 
when the drug is given by mouth As a result, it has become a most 
popular drug, particularly m the treatment of patients with bronchial 
asthma and hay-fever and has replaced epinephrine m these conditions 
to a great extent It is also used as a mydriatic and in spinal anesthesia 
as a useful agent m maintaining the blood pressure 

The fact that this drug is helpful in cases of asthma and hay-fever 
has become known to the layman, and as a result he frequently employ s 
it without even consulting a physician The sale of this drug is not 
surrounded by any restrictions, and it may be purchased by am one This 
practice is to be deplored and may be actually dangerous for certain 
patients, particularly when the diagnosis of asthma is not definitely 
established and -when cardiovascular disease may exist 

The most usually noted unfavorable symptoms have been sweating, 
tremor, cardiac irregularity, palpitation, general weakness and occa- 
sionally nausea and vomiting 

According to Middleton and Chen, the objective and subjective 
effects of ephednne are tremor a feeling of warmth chilly sensations, 
nausea and dizziness Others of less frequent or rare occurrence are 
tachycardia restlessness, mydriasis, nervousness, headache insomnia 
dyspnea, a tired feeling and drov. smess They noted that the time of 
the rise of systolic pressure after oral administration of this drug -\anes 
considerably, sometimes occurring within fifteen minutes and occasionally 
being delayed as long as 120 minutes, the average rise occurring in 
thirty-seven and a half minutes 

It seems to be the concensus of opinion that this drug is contraindi- 
cated m cases of cardiac insufficiency Miller reported the occurrence 
of transitory pulsus alternans in a patient with myocardial degeneration 
following the use of ephednne 

In the following case we observed signs of serious cardiac embar- 
rassment, including pulsus alternans marked tachycardia and cardiac 
decompensation after the use of ephednne for a condition diagnosed as 
"asthma ” 
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REPORT OF CASE 

Histoiy — On Nov 14, 1927, E O L presented himself at the clinic of the 
United States Naval Medical School complaining- of palpitation, which he first 
noted about Nor ember 7 He was perspiring freely, especially around the fore- 
head, had a marked tremor of the fingers, complained of weakness of the muscles 
of the legs, shortness of breath and cough 

He had made a trip to the Orient in August, 1927 There was a history of 
hay-fei er during the latter part of August, 1927, which disappeared in September 
The patient also said that he had had attacks of hay-ferer each fall for the past 
ten j ears He said that he had been short of breath for several weeks, and that 
climbing stairs or even walking fast had caused dyspnea On Oct 18, 1927, he 
drove to his camp in the mountains On the day of his arrnal in the mountains 
he felt fatigued, and that night he woke up with a feeling of marked breathless- 
ness and a “smothering sensation ” He felt it necessary to get out of bed and 
raise the window 7 to seek relief This attack lasted for several hours and w 7 as 
diagnosed b} the attending ph 3 sician as “asthma ” Up to this time, he said that 
he had not noticed any irregularity of the heart, in fact, his attention had never 
been directed to the cardiac region Following this acute attack, he w 7 as given 
some red capsules He w 7 as informed that this w 7 as ephednne Following this 
attack, he was given fort\ £4 gram (0 0243 Gm ) capsules of ephednne and told 
to take these as required for relief He took the fort> 7 capsules during the fol- 
lowing twent 3 da} 7 s At the end of this period, he came under our observation 
with the foregoing S 3 7 mptoms He knew 7 that his heart w 7 as beating rapidh , and 
that it was irregular at times 

At the time w 7 hen the administration of ephednne was begun and for the first 
few 7 days thereafter, the patient felt fairly comfortable The tram of symptoms 
described was of gradual development, becoming progressive!} 7 worse as the drug 
was continued 

Physical Examination — The height was 69 inches (175 3 cm), the weight, 
205 pounds (93 Kg) , the width of the chest, 39)4 inches (100 3 cm), and of the 
w'aist at the umbilicus, 49 inches ( 124 5 cm ) The patient was cyanotic and was 
using the accessory respirator} muscles , the tonsils w 7 ere rather large and showed 
evidence of infection, the gums were retracted around the posterior molars, and 
the upper molars showed extensive fillings The eyegrounds showed slightly 
tortuous arteries and the disks were normal Rales were heard at the bases of 
both lungs, and there w T as markedly impaired resonance mer the base of the 
right lung posteriori} The heart beat was rapid, the rate being 160 beats a minute, 
and the sounds were suggestne of gallop rh}thm The percussion measurements 
w 7 ere as follows The distance from the midhne to the left border in the fifth 
interspace was 14 cm , the distance from the midhne to the right border in the 
fourth mterspace was 45 cm The blood pressure w 7 as systolic, 110, diastolic, 80 
There was a definite pulsus alternans 

The x-ray picture of the chest taken at a distance of 2 meters shows a dilated, 
decompensated heart and an effusion at the right base extending upward to the 
sixth rib (fig 1) The prominence of the lung markings indicate pulmonar} 
congestion The cardiac measurements were as follows The distance from the 
midhne to the left border m the fifth interspace w 7 as 15 cm , the distance from 
the midhne to the right border in the fourth interspace w 7 as 4 5 cm The transverse 
diameter of the heart was 19 5 cm and the transverse diameter of the chest 30 cm 
This plate was taken at the time of the first examination 
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Figure 2 shows the electrocardiogram taken on the same da> It indicates a 
cardiac rate of 160 beats a minute and shows the tachycardia to be of nodal origin 
The blood picture was normal , the urine showed a specific gravity of 1 032 and 
albumin 

The administration of ephedrine was discontinued , the patient was put to bed, 
and tincture of digitalis was administered by mouth m doses of 1 cc four times 
a day The dosage was reduced to 1 cc three times a day at the end of eight 
days, and was finally discontinued as the patient showed evidence of digi- 
talization 

The cardiac rate gradually slowed, and the acute symptoms subsided The 
patient, however, continued to show pulsus alternans for the following three 
weeks 



Fig 1 — Dilated, decompensated heart with effusion on the right side of the 
chest (plate taken after the patient had continued the use of ephedrine for 
twenty days) 

On December 3, the electrocardiogram (fig 3) showed a cardiac rate of 110 
beats a minute, a normal rhythm and a left-sided preponderance The T waves 
were inverted as a result of the administration of digitalis It is of particular 
interest to compare this electrocardiogram with that m figure 2, noting that the 
P wave has resumed its normal position, that the amplitude of the QRS complex 
has been increased and that a definite left-sided preponderance is apparent 

The patient continued to show steady clinical improvement On Dec 10, 1927, 
an x-ray picture of the chest (fig 4) taken at a distance of 2 meters showed that 
the effusion had entirely disappeared from the right side of the chest The fields 
at the bases of the lungs had resumed their normal appearance, and the shadow 
of the heart showed a return toward normal The cardiac measurements were 
as follows The distance from the midline to the left border in the fifth inter- 
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space was 12 S cm , the distance from the midhne to the right border in the fourth 
interspace was 4 5 cm , the transverse diameter of the heart was 17 cm and the 
transverse diameter of chest 30 cm 

The electrocardiogram taken at this time (fig 5) showed a cardiac rate of 88 
The T waves showed definite inversion in all leads, indicating digitalization The 
patient was somewhat nauseated on this day, and the administration of digitalis 



Fig 2 — Electrocardiogram taken same day as the x-ray of the heart shown in 
figure 1 , nodal tachycardia, with cardiac rate of 160 beats a minute 


was discontinued The rhythm was normal, and the amplitude of the QRS 
complex had still further increased The evidence of left-sided preponderance 
was more marked, and cardiac compensation was well established The patient 
was up and about and showed none of the distressing subjective symptoms noted 
at the outset The urine showed a specific gravity of 1 022 and no albumin, sugar 
or casts 
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Examination following the patient’s convalescence revealed signs of myocardial 
damage as evidenced by cardiac hypertrophy and lessened cardiac reserve He 
continued to show shortness of breath on exertion, and following an active day 
invariably exhibited some edema of the ankles, so that it was necessary to keep 
his activities within the range of his cardiac reserve power 



Fig 3 — Electrocardiogram showing cardiac rate of 110 beats a minute, normal 
rhythm, left sided preponderance, inversion of T waves indicative of the effect 
of digitalis 

It was considered advisable to begin again the use of digitalis m moderate doses 
m order to maintain the cardiac reserve 

The patient was kept under close observation in order to detect evidence of 
asthma, and he did not exhibit any evidence of this condition or any signs or 
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symptoms of nodal tachycardia There was no return of palpitation, sweating, 
tremors or any of the phenomena noted at the outset 

Pulsus alternans disappeared following the return of cardiac compensation 

It may be of intei est to note that, as is usually the case, the electro- 
cardiogram gave no indication of pulsus alternans at any time during 
the course of the disease, although this phenomenon was easily demon- 
strated by the sphygmomanometer 

It appears to be well demonstrated that the patient did not have 
bronchial asthma There was no eosmophiha, and there was only a 
single paroxysm of dyspnea which occurred at night following a 



Fig 4 — Twenty-six days after beginning digitalis medication and discon- 
tinuance of ephedrine, the lung fields have resumed a normal appearance and 
the cardiac shadow shows a return toward normal 

fatiguing day There had been evidence of a failing myocardium for 
several weeks preceding this attack, and there had been no return of 
any symptoms suggesting bronchial asthma either during convalescence 
or following recover}'- The clinical course and marked improvement 
under rest and digitalis therapy would seem sufficient to establish the 
diagnosis of cardiac failure 

SUMMARY AND CONCLUSIONS 

A clinical case is presented in which the diagnosis of asthma had 
been made following an acute attack of dyspnea coming on at night after 
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a long, fatiguing trip The patient had been given ephedune, % grains, 
and took forty doses during a peiiod of twenty days, a total of 15 grains 
(0 972 Gm ) Following the administration of this diug, he developed 
evidence of acute cardiac decompensation accompanied by marked 
dyspnea, sweating, tremors, weakness and palpitation He developed a 



Fig S — Electrocardiogram taken same day as the x-ray of the heart shown in 
figure 4, cardiac rate, 88, tracing characteristic of digitalization, left sided pre- 
ponderance becoming more marked 

cardiac late of 160 beats a minute, and the electiocardiogram levealed 
tachycardia of nodal oiigm He exhibited pulsus alternans during this 
period of decompensation, and developed a large right pleural effusion 
During the period that the patient was taking ephedrme, his condition 
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grew worse, and he said that following each dose of the drug the tremor, 
sweating and discomfort increased 

Following the discontinuance of ephednne and the use of digitalis m 
adequate doses, accompanied by complete rest in bed, he showed steady 
improvement, the pleural effusion disappeared, and he returned to a com- 
paratively normal state m a short time 

The serious nature of the effects of this drug would seem to justify 
a report on this case m order that more caution be urged in guarding 
against such effects in the future 

This case appears to bear out m all respects the observations of other 
observers regarding the danger of using ephednne m treating patients 
who have damaged hearts We believe that before ephednne can be 
safely administered, the patient should be subjected to a careful examina- 
tion of the cardiovascular system m order to determine whether disease 
of this system exists and whether or not the drug is contraindicated 

This case also illustrates the not uncommon mistake of diagnosing 
so-called “cardiac asthma” as true bronchial asthma Furthermore, it 
shows that even m patients who exhibit signs of true bronchial asthma, 
a careful examination of the heart is indicated When evidence of 
cardiac damage exists, ephednne should be used with extreme caution, 
if any evidence of toxic symptoms develops the drug should be discon- 
tinued promptly 

We also feel that attention should be called to the fact that while this 
■drug is highly extolled and widely exploited at present, the physician does 
not necessarily have to prescribe it and may make use of the other well 
known remedies for bronchial asthma The following conclusions appear 
to be justified 

1 Ephednne is a dangerous drug to use when patients show evidence 
of cardiac damage 

2 Extreme care is necessary m the diagnosis of bronchial asthma, 
as not infrequently cases of so-called “cardiac asthma” are put m this 
group 

3 Ephednne may produce acute cardiac decompensation and pulsus 
alternans m patients with damaged hearts 

4 If during the administration of ephednne the patient exhibits any 
toxic symptoms such as palpitation, tachycardia, arrhythmia or vaso- 
motor disturbances, the drug should be promptly discontinued 

5 Pulsus alternans does not have the serious significance for patients 
who exhibit this condition with tachj cardia as it has for persons with a 
normal cardiac rate 

6 The sale of ephednne to the layman should be discouraged, and 
even its indiscriminate use by the physician is to be deplored 
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The occurrence of septicemia from infection with Bacillus mucosus- 
capsulatus is not generally recognized on this continent In France, 
especially among the physicians of Paris, cases have been reported at 
infrequent intervals In his thesis in 1917, Colombe 1 collected sixty 
cases from the world’s literature Of these sixty, only twenty-fire were 
diagnosed during life by a positive blood culture 

In 1924, Caussade, Joltram and Surmont 2 collected fifteen new cases 
that had been reported since 1917, and added one of their own Since 
then, additional cases have been reported by Creyx 3 and by Lereboullet 
and Pierrot 4 

The present report is that of a case of Bacillus mucosus-capsulatus 
septicemia which was proved during life by two blood cultures and 
which terminated in death Autopsy was not obtained 

REPORT OF CASE 

History — R C M, a man, aged 55, was admitted to the Royal Victoria 
Hospital on April 10, 1927, complaining of general malaise and soreness m the 
left hip joint Seven weeks before admission, after he returned from an auto- 
mobile ride, a slight chill had developed This was followed by chilly sensations 
for the next few days For about five weeks he had suffered irregularly from 
“indigestion” with belching of gas after meals These symptoms were also 
associated with infrequent attacks of dull pain in the left hip joint, which radiated 
to the knee and calf muscles of the left leg, the pain disappeared with rest 

One week previous to admission, a general feeling of malaise developed, which 
continued until April 9, when a physician was consulted, who reported a tempera- 
ture of 101 F The next day the temperature was 104 F, and the general malaise 
and weakness were more marked 


* From the McGill University Clinic, Royal Victoria Hospital, and The 
Pathological Institute, McGill University, Montreal 

1 Colombe, J Les septicemies pneumobacillaires, Paris These, 1917, no 29 
de la bibliotheque de la Faculte de Med de Paris 

2 Caussade, G , Joltram, E , and Surmont, J Septicemic a pneumobacille de 
Fnedlander, Bull et mem Soc med d hop de Paris 48 148 (Feb 8) 1924 

3 Creyx, M Sur un cas de pneumobacillemie, Compt rend Soc de biol 
94 596 (March 12) 1926 

4 Lereboullet, P , and Pierrot, M Un nouveau cas de septicemic a pneumo- 
bacille de Fnedlander terminee par la guenson, Bull et mem Soc med d hop de 
Paris 51 128 (Feb 10) 1927 



332 


ARCHIVES OF INTERNAL MEDICINE 


Diabetes mellitus had been present since May, 1912, the onset being associated 
with typical symptoms Since September, 1921, freedom from glycosuria had been 
maintained through dietetic control With the present infection, glycosuria 
became constant 

Examination — The patient was a rather overnourished man, who appeared 
anxious and ill The temperature was 104 8 F , the pulse rate, 100 and respirations, 
28 The throat was not inflamed, and the pupils were equal and active There 
was no general glandular enlargement The lungs were normal except for an 
occasional moist rale at the bases The pulse rate was regular, and the vessel 
wall was not palpable The heart was normal and the blood pressure was 
systolic, 140, and diastolic, 65 mm of mercury The abdomen was normal 

The urine was acid, of a good specific gravity, and contained albumin and 
sugar There was no acetone The microscopic examination showed hyaline 
casts and a few red blood cells The blood count showed 4,800,000 red cells and 
90 per cent hemoglobin White cells counts ranged from 7,500 to 9,000 per 
centimeter on four occasions The stool was negative, except for an acid reaction 

On admission, the blood urea was 0 32 Gm per liter and the plasma carbon 
dioxide (capacity) was 50 per cent by volume On April 15, the former was 
0 60 Gm per liter 

Roentgenograms of the pelvis and of both hip joints did not indicate the cause 
of the pain in the left hip joint 

Two Widal reactions of the blood were negative for Bacillus typhosus and 
Bacillus paratyphoid A and B Two blood cultures (April 10 and 15) and one 
stool culture yielded large numbers of a gram-negative, nonmotile bacillus, which 
proved to be a member of the Bacillus inucosus-capsulatus group 

Subsequent Couise — The infection ran a rapid course, as will be seen from 
figure 1, death taking place on the seventh day after admission Hyperglycemia, 
which was little affected by insulin, persisted There was no ketonuna Each 
evening, commencing on April 12, there was a severe chill associated with a rise 
in temperature During the last day of life there was moderate abdominal disten- 
tion with diffuse moisture in both lungs, although definite areas of consolidation 
did not develop Mental stupor and unconsciousness then appeared, persisting 
until death 

MORPHOLOGIC AND BIOCHEMICAL CHARACTERISTICS OF THE STRAIN 
OF BACILLUS MUCOSUS-CAPSULATUS (KLEBSIELLA) 

Bacteuologic Rcpoit — The oiganism isolated on two sepaiate occa- 
sions from the blood and once from the stool showed the following- 
morphologic and biochemical characteristics 

It was a gram-negative, short, stout lod, nonmotile and capsulated 
The capsules were easily demonstrated in cultures grown m beef infusion 
broth, beef infusion agar, and even m peptone water (fig 2) On beef 
infusion bioth, a umfoim turbidity was soon pioduced, with a viscid 
creamy white ring and some sediment , later the culture became viscid 
On an agar slant, the growth was creamy white, moist, raised, glistening 
and viscid Gelatin was not liquefied Litmus milk was acidified, 
coagulated and the litmus was reduced The following carbohydrates 
wei e fermented, with the production of acid and gas dextrose, mannose, 
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galactose, levulose, aiabmose, xylose, rhamnose, mannitol, dulcitol, 
soibitol, glyceiol, maltose, lactose, sucrose, raffinose, inosite and salicin 
Inulm and dextun weie not fei merited In peptone watei aftei foitj- 
eight houis, no mdol was detected, but on two occasions, after incubation 
for nine days, a faint trace of mdol was detected by Ehihch’s test 
(paiabenzaldehyde) In nitrate bioth, the mtiate was reduced to 
mtiite The Voges-Pioskauer leaction was positive 



Fig 1 — Chart showing the temperature, pulse rate and respiration throughout 
the course of the infection 


PATHOGENICITY 

As small a dose as 0 5 cc of a 1 100 dilution of a saline suspension of 
a twenty-hour giowth on an agai slant, injected into the peritoneal 
cavity, killed a mouse m thnty-six houis Laigei amounts of the dilu- 
tion killed five othei mice more quickly 

Also an mtrapei itoneal injection of 0 25 cc of a twenty -hour broth 
cultuie killed two mice m five hours and two othei s within ten hours 
Smallei amounts killed four mice within twenty-five hours The pen- 
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toneal cavity contained a mucoid exudate, with polymorphonuclear 
leukocytes and gram-negative capsulated bacilli 

Subcutaneous injection of 0 1 cc of a twenty-four-hour broth culture 
into the abdominal wall of a mouse was followed by a localized swelling, 
which was covered by a scab within five days and finally disappeared 
Two tenths of a cubic centimeter of the culture injected in the same 
way into another mouse caused death on the fifth day Autopsy revealed 
a phlegmonous swelling of the abdominal and thoracic walls , of the skm, 
subcutaneous tissue, muscle and peritoneum, and the peritoneal cavity 
contained a mucoid exudate the same as has been described Histologic 
examination of the lesion m the abdominal wall showed dense infiltration 
of the subcutaneous tissue, muscle and peritoneum with an exudate of 
polymorphonuclear leukocytes, fibrin and serum, and enormous numbers 
of bacilli (fig 3) 



Fig 2 — Eighteen hour culture on plain nutrient agar stained with carbol 
fuchsm and nigrosm showing capsules 

Five tenths cubic centimeter of the same twenty-four-hour broth 
culture was injected into the peritoneal cavity of a gumea-pig of about 
300 Gm , and it was found dead m eighteen houis The peritoneal cavity 
contained an exudate similar to that described, but no other gross lesions 
were noted 

The same twenty-four-hour broth culture (0 25 cc ) was injected 
into the subcutaneous tissue of the abdominal wall of another guinea- 
pig, the animal remained lively and apparently well An indurated 
swelling developed which subsequently ulceiated On the ninth day, 
the ulcer was covered by a scab Slight pressure caused a small drop of 
creamy white pus to exude An organism identical with the original 
was isolated in pure culture from this pus Eventually, the ulcer and 
mduiation were leplaced by a small scai, complete recovery having taken 
place 

From all sixteen animals that died from inoculation, an organism 
identical (so far as tested) with the original was isolated from the 
heart’s blood 
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Of nine mice inoculated by instilling 0 1 cc of a twent) -hour broth 
culture into the nostrils, six died within seven days, and from five of 
these an organism identical with the original was isolated from the 
heart’s blood 

In two of these animals, smears from the surface of the biain 
showed numerous gram-negative capsulated bacilli, morphologically 
identical with the original, also polymorphonuclear leukocytes Paraffin 
sections of the bram of one of these showed that m the white matter 
there were numerous small abscesses containing leukocytes, and clear 
spaces filled, evidently, with serous material, and containing numerous 
gram-negative capsulated bacilli Some of these abscess cavities com- 
municated with the meninges, in which a similar exudate was found 



Fig 3 — Phlegmonous infiltrated thoracic wall of a mouse showing the organ- 
isms in enormous numbers 

In one of these two animals there was an abscess about 0 6 cm 
m di am eter in the left side of the neck, filled with creamy 
white mucoid pus Microscopic examination of this abscess showed 
a central mass of exudate, polymorphonuclear leukocytes, fibrin 
and serum with numerous gram-negative capsulated bacilli, surrounded 
by a wall of granulation tissue, which infiltrated the surrounding lymph 
nodes and lobules of the salivary glands It appeared impossible to be 
sure whether the abscess primarily arose m a lymph node or m a 
salivary gland An organism identical with the original was isolated 
from the abscess 

So far, attempts to infect guinea-pigs by instilling cultures into the 
nostrils have been unsuccessful 

A mouse, into the peritoneal cavity of which was injected 0 5 cc 
of saline suspension of the stiam of organism isolated from the stool of 
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the patient, was found dead on the third day The peritoneal cavity 
contained an exudate identical with that described in the other animals 
and, besides, thiee grayish-white nodules were found in the spleen, in 
the right kidney and in the liver Paraffin sections of these nodules 
revealed abscesses similar to those already described, and showed the 
bacilli m enormous numbers An organism identical with the ongmal 
was isolated from the heart’s blood of this mouse 

BACTERIOLOGIC CONCLUSIONS 

The morphology, especially the capsule formation and mucoid 
growth, the biochemical reactions and its pathogenicity would place this 
organism m the Bacillus mucosus-capsulatus group (genus Klebsiella), 
except that it is “ Voges-Pr oskauer’ ’ positive and that it ferments lac- 
tose (However, the fermentation of lactose by organisms of this 
group is irregular ) The positive “Voges-Proskauer” reaction allies it to 
the Bacillus aei ogenes-cloacae group (Aei obacter) , and in suger fer- 
menting ability it corresponds to Aerobactei oxytocum, which differs 
from Aerobactei aeiogenes in being dulcitol positive It would seem 
best to consider it, at least temporarily, as a variant of the Bacillus 
mucosus-capsulatus group 

Three references to members of the Bacillus mucosus-capsulatus 
gioup giving a positive Voges-Proskauer reaction have been found m 
the literature 5 Investigation of tins point in available strains is being 
undei taken 


CLINICAL CHARACTERISTICS OF THE INFECTION 

On admission of the patient to the hospital, it was suspected that the 
infection was that of typhoid fever Against this diagnosis was the 
rapid onset and the rise of the fever without the usual mental torpor and 
dulness Rose spots did not develop, the spleen was not palpable, and 
there was no leukopenia Subsequently, the Widal reaction as well as 
the blood culture for Bacillus typhosus was found to be negative, 
and the appearance of the daily chill was atypical 

This case followed the usual course as reported m many cases of 
Bacillus mucosus-capsulatus septicemia As emphasized by Cieyx, 
there was no localization, the temperature was of the septic type, and no 
point of entrance was discovered 

S Simonds, J P A Curious Accident due to Fermentation Caused by B 
Pneumoniae, J Bact 2 245 (May) 1917 Hewlett, R Turner A Manual of 
Bacteriology, Clinical and Applied, New York, The Macmillan Company, 1921, 
p 413 Edwards, Philip R The Relation of Encapsulated Bacilli Found m 
Metritis in Mares to Encapsulated Bacilli from Human Sources, J Bact 15 245 
1928 
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In 1912, Brissand G when reporting fifteen cases of septicemia due 
to Bacillus mucosus-capsalatus stressed the gra\ity of the infection, 
the constancy of pulmonary manifestations and the tendency to hemor- 
rhages That the infection may not terminate fatally can be justly 
assumed from Lereboullet and Denoyelle’s 6 7 repoit of two cases in chil- 
dren, aged 12 and 14, who recovered In both instances, the diagnosis 
was proved by blood culture Lereboullet and Pienot 4 have also 
leported another pioved case m a child of 13 years, in whom lecoveiy 
took place 

In certain instances the infection has assumed pyemic chaiactenstics 
resulting m abscesses of the kidney, liver and spleen, and not infre- 
quently m gross-mtestmal ulceration 
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THE DIABETIC STATE 

That the infection caused an exacerbation of the diabetic condition 
is evident No degree of acidosis developed, but the blood sugar showed 
little response to insulin therapy as is usual with infection The per- 
sistent hyperglycemia piobably worked deletenously on the couise of 
the septicemia These data are shown m the table 

SUMMARY 

1 A case of septicemia due to a member of the Bacillus mucosus- 
capsulatus group giving a positive Voges-Proskauer leaction is reported 

2 The portal of entiy of the infecting organism was undetermined 
The infection ran a rapid, septic course terminating fatally without 
localization 

3 The case was complicated by the piesence of diabetes mellitus 

6 Brissand, H , Cordier, V, and Badolle, A La pneumonic a pneumo- 
bacilles, Lyon med 118 817 1912 

7 Lereboullet, P, and Denoyelle, L Deux cas de septtcemies gra\es a 
pneumobacille de Friedlander terminees par la guerison, Bull et mem Soc med d 
bop de Paris 48 226 (Feb 29) 1924 



RELAPSING FEBRILE NODULAR NONSUPPURATIVE 

PANNICULITIS * 

HENRY A CHRISTIAN, MD 

BOSTON 

In 1921, I had the oppoitumty to study a patient with a pathologic 
condition to me entirely unique At that time, I did not succeed m find- 
ing similar cases repoited m the literatuie I was at a loss to give a 
satisfactoiy name to the condition or disease, and so did not place it on 
file m the literature Recently, m a lepoit of a meeting of the Associa- 
tion of Physicians of Gieat Britain and Ii eland, held May 29, 1925, I 
saw a brief notice of an entirely similar case, reported by F Parlces 
Weber, and subsequently read his repoit in the British Journal of 
Dermatology and Sypkihs 1 The name he used intrigued me , now, with 
a title for my report, it seemed appropriate to present my observations 
before the Association of American Physicians, which furnished a 
model for the society before which Weber made his report 

The name used by me, febrile relapsing nodular nonsuppuiative 
panniculitis, is descriptive of the process I have added “febnle” to the 
terminology that Weber used to emphasize a feature which is striking 
and the one most likely to arouse the intei est of the internist There is 
fever in recurring attacks or relapses, theie is inflammation of the 
panmcle, or panniculus adiposus, nodular in distribution and nonsuppu- 
iative, the pamculitis results m localized atrophy of the panniculus 
adiposus, subsequently causing a depression in the contour of the skin 
and giving a marked appearance of scarring The patient is seriously 
sick The cause of the inflammation remains unknown In my study, 
blood cultures and cultures from the nodules weie sterile Organisms 
could not be found in excised tissue In my patient, leukocytosis did not 
accompany the febrile peiiods Histologically, in a healing lesion 
excised m 1920, I found m places edema and necrosis of the fat tissue, 
edema of the connective tissue between fat lobules, and a focal infiltra- 
tion between the fat cells and m the connective tissue septums of 
lymphoid cells, plasma cells, young connective tissue cells, endothelial 
cells phagocytic for fat droplets, a few polymorphonuclear leukocytes 
and a rare foreign body giant- cell, so- that much of the subcutaneous 
adipose tissue thus was infiltrated Fatty acid crystals were not present 
Blood vessels, as a rule, were normal A few showed periarteritis, 
rarely one showed endarteritis with prolif elation of the endothelial cells 

* Reported at a meeting of the Association of American Physicians, Wash- 
ington, D C , May 3, 1928 

1 Weber, F Parkes Brit J Dermat 37 301, 1925 
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The inflammatory process did not extend to the dermis, and so the 
skin itself was not scarred No organisms weie seen The process is 
well shown m the accompanying photomicrogi aphs (figs 1 to 7), which 
will serve m place of a more detailed veibal description 



Fig 1 — Low power magnification of area of panmculus adiposus in a case of 
“relapsing febrile nodular nonsuppurative panniculitis ” 


REPORT Or A CASE 

Htsto) y — A single woman, aged 25, was admitted to the Peter Bent Brigham 
Hospital on Feb 5, 1921, for observation She was of native American stock, 
intelligent, a college graduate and a chemist She had never been in the tropics 
The family history was negative She had had mumps and w hooping cough in 
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childhood, and scarlet fever at the age of 12, followed by otitis media Her 
disease first appeared in 1918 with a lump under the skin of the right upper arm, 
followed in six months by a similar lump over the left scapula In 1919, many 
lumps, described as of pea to lemon size, appeared over both lower legs They 
developed in a short time At first they were reddened, and the patient believed 
they were associated with some diffuse swelling from the middle of the tibia to the 



w-faw 



F>g ^ — Low power magnification of area of panmculus adiposus showing 
marked inflammatory infiltration 


ankle A month after the appearance of the nodules on the legs, she began to 
have fever associated with headache, nausea, vomiting and muscle pain The fever 
fluctuated daily, but the time of highest temperature was not constant each 
day For a time these variations of temperature reached a daily higher level, 
and then lessened each day until the normal again was reached Defer- 
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to date (fig 10 shows the fever curve) and, m addition to previous symptoms, was 
accompanied by a slight dry cough with a “catch” over the lower sternum and 
slight jaundice for one day Fever persisted for over five weeks Between the 
fourth and fifth attacks the patient felt continuously tired The sixth attack 
began on Jan 24, 1921 with chills, fever and a dry cough In this attack, she 
entered the Peter Bent Brigham Hospital on Feb 5, 1921 



Fig 4 — High power magnification, showing cellular infiltration of fatty tissue 
and a few macrophages 

Examination — With the exception of the observations made on the subcu 
taneous tissue, the results of the physical examination were negative Labo- 
ratory examination revealed urine normal , hemoglobin, 85 per cent , red 
blood cells, 4,929,000, white blood cells, 3,000 The differential count showed 
polymorphonuclears, 55 per cent , lymphocytes, 45 per cent Five days later, there 
were 4,200 white cells , 50 per cent polymorphonuclears, 47 5 per cent lymphocytes 
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and 2 5 per cent large mononuclears Six days later, the white cell count was 
6,100 The Wassermann reaction was negative The blood culture on Feb 6, 
1921, did not show any growth (on June 15, 1920, and on Nov 11, 1923, blood 
cultures did not show growth) The basal metabolic rate was — 12 per cent 
Figure 11 shows the fever curve of this, the sixth, attack Cultures made from 
the nodules on Nov 11, 1923, were negative 



Fig 5 — High power magnification, showing more macrophages and an area 
of edematous connective tissue 

Clinical Obseivations — The skin condition (sixth attack) was described at the 
time by me as follows “The striking thing, seen at first glance, are deep, irregular 
depressions m the cutaneous surfaces, distributed as will be described, not sym- 
metrical m distribution and usually without color change in the skm (fig 8) 
There is no local heat The left lower leg shows, as the most striking phenomenon, 
an unsymmetrical contour due to irregular depressions with intervening slight 
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elevations, more marked between the middle of the tibia and the knee than below, 
and rather more marked on the external than on the internal surface Over the 
region covered by the anterior surface of the tibia, just above the mid-point, there 
is a definite swelling with ill defined margins, measuring 5 by 7 cm , the middle 
slightly reddened, being a dull, pale red, that almost disappears under pressure, 
leaving a slightly pale brownish background This area does not pit on pressure 



Fig 6 — Similar to figure 5, with small area of necrotic fatty tissue at one 
margin 

On palpation this nodule of swelling is not of uniform consistency, but has slightly 
firmer portions with intervening softer portions, giving a vague sense of fluctua- 
tion At the outer surface of this is a depression about 3 cm in length by 2 cm 
m width with indistinct margins, apparently the result of a loss of subcutaneous 
tissue Just above the outer side of this depression is another slightly elevated 
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area about 2 cm in diameter, rather firmer than the ele\ ation first described Like 
the first one, this is vaguely outlined, apparently shading off into surrounding 
normal tissue Over these elevations the skin can not he picked up in folds as 
well as over the unaffected part, and much less well than o\er the depressed areas 
The texture of the skin over all of these places seems normal, and there is no 



Fig 7 — High power magnification, showing necrotic fatt} tissue and an area 
with fibrin threads 

firm induration to be made out of either the swellings or the elections 0\er 
the lower half and outer surface of the leg, there seems to be considerable diffuse 
atrophy of the subcutaneous tissue, which leaves the surface depressed, the skin 
feels a trifle thickened, but may be picked up easih m folds Tbe skin here has 
a slightly brownish discoloration This is one of the older lesions and represented 
at one time a diffuse uniform swelling 
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“Just between these two areas, but more posteriorly on the leg, is the only 
lesion that has developed during this period of fever It appeared on February 12, 
noticed at that time by the patient as a slight local discomfort, feeling somewhat 
tender and like a little nodule under the skin This was very indistinct, and I was 
uncertain as to whether at this time I could make it out definitely Two days 
later, there was a definite, though not very firm nodule at this point, apparently m 
the subcutaneous tissue, not more than 0 5 cm m diameter It subsequently has 
not increased in size About the middle of the calf of this leg, there is a depres- 
sion Along the inner surface of the leg, there are irregularities of subcutaneous 
tissue, not visible swellings but areas which are felt as distinct irregularities, more 



Fig 8 — Deep irregular depressions in the cutaneous surface of the legs of a 
patient suffering from an attack of relapsing febrile nodular nonsuppurative 
panniculitis 

flattened than those already described, and feeling a bit as if the skin were attached 
slightly to them To one’s fingers, moving up and down the leg, they give the 
sensation of irregular, beaded or button-like masses not entirely separated from 
each other and extending in a linear arrangement There are none of these on 
the dorsum or sole of the foot 

“The right leg shows a similar irregularity of contour, with depressions from 
3 to 5 cm m diameter, and intervening moderately elevated areas, as described for 
the other leg Just as on the left leg, so on the posterior surface of the right leg 
there is a band or string of irregular nodules extending from a little below the 
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knee nearly to the ankle None of these areas looks as red as those on the leu 
leg, but the skin in places shows a slight redness and quite definite brownish dis- 
coloration None of these masses seems attached to the deep fascia o\cr the 
muscles, and they apparently are not attached to the muscles or tendons 

"On the upper right leg there are larger, similar depressions with intcncnmg 
indefinite elevations Just over the thigh region, a little anterior to the head of 
the femur, there are rather deep depressions In between these are no definite 
nodules, but the subcutaneous tissue m places feels firmer than normal The 
upper leg on the other side shows much the same picture 

"The right hand and forearm do not show any lesions The left arm show-s 
a depression on the forearm on the outer surface a little below the elbow The 
upper right arm shows a scar slightly above the elbow where a nodule had been 
excised for examination, and just back of the deltoid muscle there is a very 
definite depression Over the insertion of the deltoid there are vague swellings, 
but nowhere on the upper arm are these swellings definite or firm The upper left 
arm is quite similar in general to the right Just beneath the outer border of the 
left clavicle there is a deep depression, in which the subcutaneous tissue has 
entirely disappeared Here the skin is not indurated, and no irregularity or 
thickening is felt There have been no lesions on the neck, face or scalp There 
are a scar and a depression from one of the early lesions over the middle of the 
left scapula In the lower right axillary region there is a moderate depression 
In the lumbar region, ]ust over the lower right half, there is a depression 3 to 
4 cm in diameter, and at its lower border is a small, irregular nodule in the skin 
On the abdomen are scattered irregular, smaller depressions with, in places, 
irregularities to be felt in the deeper subcutaneous tissue " 

For two years the patient remained well, but m February, 1923, a seventh 
attack began with typical lumps developing on her legs She kept at her work as 
a chemist until May 10, 1923, though during the latter part of the period she had 
a daily afternoon temperature of 100 F On that date, her temperature rose to 
103 F, and many new lumps appeared, chiefly on the legs, but also on the arms 
and back, nausea developed and she felt worn out By June 1, this attack was 
over On August 3, an eighth attack began, with many lumps and a rise of 
temperature to 102 F This attack lasted two months, but thereafter the patient 
continued to feel bad and to ache as if she were going to have grip , her ankles 
felt tense, and at night were slightly swollen I saw her again on November 7 
The lesions on the skin were much as previously described, they felt firm and 
seemed to be in the subcutaneous tissue, they were not tender, the depressed 
areas were rather darkly pigmented The ankles were red and tender, and the 
right felt brawny to the touch The results of the general physical examination 
were negative The blood showed hemoglobin, 96 per cent, white cells, 3,800, 
and red cells, 4,992,000 The urine was normal The patient gradually improved 
and was well until about the middle of July, 1924, then a ninth attack began, of 
the usual character and length 

After recovering from the ninth attack, the patient remained w r ell until the 
latter part of November, 1927, then a tenth attack began The character of this 
attack was much like that of the others and it lasted into January, 1928 Late 
in February, 1928, when well along in convalescence from her tenth attack, the 
patient developed acute appendicitis , she w r as operated on, and complications did 
not follow 

Weber’s case, also that of a woman, aged 50, was observed m three 
attacks accompanied by fe\ er His description and the photomicrographs 
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m his report show that the conditions he observed were veiy similar to 
those observed m my case, except that the bit of tissue from his patient 
showed moie multinuclear giant cells than that from mine I find no 
other essential difference between his case and mine Weber seems to 
have consideied his case as possibly unique, though he believed that it 
should be regarded as allied to Whitfield’s 2 type of erythema induratum 

In 1916, Gilchrist and Ketion, 3 under the title, “A Unique Case of 
Atrophy of the Fatty Layer of the Skin Preceded by the Ingestion of 
the Fat by Large Phagocytic Cells, Macrophages,” described a girl aged 8 
m Baltimore whose mother stated, m giving the child’s history, that “she 
had had feverish attacks and loss of appetite on several occasions,” and 
who showed changes in the legs (illustrated m the article by' photo- 
graphs) strikingly similar to those observed m Weber’s patient and m 
mine The 8 year old patient had slight fever while m the hospital The 
changes were confined to the legs Excised bits showed, on microscopic 
examination, appearances similar to those described by Weber and by 
me, changes confined to the subcutaneous fat Looking at the illustra- 
tions and reading the descriptions of Gilchrist and Ketron, one can 
but feel that the condition is the same as that described by Weber and 
me Weber used, too, in his title the words, “showing phagocytosis of 
fat cells by macrophages ” 

Warfield 4 has made a repoit of a condition under the descriptive title 
of “Multiple Symmetrical Gangrene of the Fat of the Abdominal Wall m 
a Case of Alcoholic Neuritis,” which may be closely related to the dis- 
ease here being described Unfortunately, excised tissue was lost before 
histologic examination could be made In Warfield’s case, the sub- 
cutaneous tissue became gangrenous and the skm ulcerated , it did not m 
the three cases just reviewed, but there was the feature of indurated 
lesions m the panmculus, developing m succession 

In 1922, Lee and Adair 5 described a condition, umque in their 
opinion, under the title “Traumatic Fat Necrosis of the Breast,” in 
which the tissue has some similarity in histology to the tissue from the 
cases under discussion here They believed that m their patients trauma 
had been a causative factor, leading to necrosis of the fat tissue of the 
breast with subsequent cellular infiltration Perhaps this condition bears 
some relation to the more generalized distribution of focal areas of 
inflammation of the subcutaneous fat described here 

2 Whitfield Am J M Sc 122 828, 1901 

3 Gilchrist and Ketron Bull Johns Hopkins Hosp 27 291, 1916 

4 Warfield Ann Clin Med 5 884, 1927 

5 Lee and Adair Surg Gynec Obst 34 521, 1922 
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The term panniculitis is used, too, in a somewhat different relation- 
ship, expressive of a form of chronic rheumatic disease Stockman, r 
for example, has just published a paper under the title "Chronic Mus- 
cular Rheumatism and Panniculitis,” m which he sa} s 

Panniculitis is a fibrositis of the panmculus acliposus, and has the same ctiologv 
and pathology as fibrositis generally Its anatomical distribution, however, confers 
on it certain clinical characteristics which merit some special description The 
new fibrotic tissue assumes two forms, according to its situation Over the 
deltoids, shoulders, back, flank, upper abdomen, hips, and outer sides of the thighs 
it is dense and evenly spread, giving the skin a hard brawny feel, while on the 
inner surfaces of tho upper arms and thighs, abdomen, and pectoral regions it is 
in numerous pea-like masses ljmg in the subcutaneous fat and often forming 
veritable fibro-fatty pads at the inner sides of the knees and elsewhere The 
little masses can be easily felt, and are exceeding!}' tender on pressure, as is like- 
wise the whole subcutaneous overgrowth Sometimes distinct encapsulated 



Fig 9 — Temperature curve of the patient during the fourth attack of relapsing 
febrile nodular nonsuppurative panniculitis 


hpomata are found, and these have a core of inflamed fibrous tissue, as if the local 
irritation had determined their growth 

He regards this as an extremely common condition The nodular 
form, as described by him, has some resemblance to the condition 
described in the present paper and conceivably might be a mild form of 
it The exact relationship of Stockman’s panniculitis to acute rheumatic 
fever is not very clear from his paper, though he seems to think that 
there is some relationship 

There is another condition that may be closely related to relapsing 
febrile nodular nonsuppurative panniculitis, which I have seen through 
the courtesy of colleagues at the New England Children’s Hospital 6 7 

6 Stockman Brit M J 1 293, 1928 

7 Wilcns, Gustav, and Derbj, Joseph Calcification of Subcutaneous Tissue 
in a Child (Calcinosus Universalis), Am J Dis Child 31 34 fjan ) 19 26 
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In this condition areas of calcification occur in the subcutaneous fat, 
presumably following inflammation and neciosis It is a question 
whether cases of this kind should be included In ceilam lespects, the) 
seem unlike enough to be legal ded, foi the piesent at least, as of a 
dififeient clinical entity In some of the lepoited cases, in addition to 
calcification, there aie changes in the tissue suggestive of those descnbed 
in this paper 

The fever and 1 elapses suggest that the condition heie being lepoited 
may be a manifestation of undulant fever (infection with organisms of 
the melhtensis abortus gioup But cultuies in my case wcie negative, 
and theie was no opportunity at the time of obseivation to test the 
serum for immunity leactions to fit such a hypothesis 

Possibly a more diligent seaich of the hteratuie would leveal the 
fact that other patients have suff eied fiom the disease lepiesented b) 



Fig 11 — Temperature curve during the sixth attack 


the thiee cases of Gilchnst and Ketron, Webei, and myself It seems to 
be a reasonably definite clinical entity, possibly a syndrome, rather than 
a disease The severity of symptoms with fever during attacks and their 
repetition again and again aie most notable 

SUMMARY 

Theie is a disease characterized by lecuiimg attacks of fever, asso- 
ciated with a peculiar nodular inflammation of the subcutaneous tissue 
Some of the fatty tissue necroses, and much of it becomes infiltrated with 
lymphoid and plasma cells Macrophages take up fat m fine droplets 
A few foieign body giant cells foim There results in time atrophy of 
the inflammatory nodule causing a depi ession m the contour of the skin. 
Suppuration does not occui , and the continuity of the skm is unbroken 
The cause of the disease is unknown The term “relapsing febrile nod- 
ular nonsuppui ative panniculitis” is descriptive of the condition 








PANCREATOGENOUS FATTY DIARRHEA 


REPORT OF A CASE * 

T E HESS THAYSEN, MD 

COPENHAGEN, DENMARK 

A case of pancreatogenous fatty diarrhea caused by chronic pan- 
creatitis with extensive formation of calculi in the secretory ducts is 
discussed in this article In a previous paper 1 I discussed this condi- 
tion m detail, I shall now review some pioblems concerning the 
pathogenesis of the condition which were not discussed in that paper 

REPORT OF CASE 

Histoi y — A stevedore, aged 43, was admitted to the hospital on Dec 17, 1926, 
and was discharged on March 13, 1927 It was said that he had been born with 
‘‘scaly skin,” ichthyosis, his brother and his uncle were said to have suffered 
from the same condition The skm lesions, however, had improved considerably 
during recent years Twenty-five years previous to admission he had been a 
sailor, and had nsited a number of ports during a period of one and a half 
years, but had never been south of Algiers 

For the past twenty years, he had worked as a stevedore Sin years prior 
to his admission to the hospital, he had had an attack of acute bronchitis, which 
was followed by frequent relapses He was admitted to the Bispebjerg Hospital 
in December, 1926, for an acute attack of this condition At that time, he did 
not pay any attention to Ins mam ailment, the diarrhea The patient drank as 
much as ten bottles of beer a day He said that he had not had syphilis, the 
Wassermann reaction was — In his youth, he had had gonorrhea 

During the past five years, the patient had suffered from diarrhea, from four to 
five pasty, semifluid but voluminous stools were passed in twenty-four hours 
The diarrhea had varied somewhat in intensity, but it had been present through- 
out these years He had soon noticed that the stools were lighter than normal, 
being straw-colored or yellowish gray On standing, the stool was soon covered 
with a greasy layer of yellow oil, which seemed to exude from the excretion , this 
oil hardened rapidly, and then looked a great deal like butter Sometimes this 
oily mass would pass from the rectum together with the stool, and in rare 
instances it would pass at night also The patient noticed that the oil was most 
abundant when he was on a fatty diet Occasionally he had had some slight 
oppression and nausea, but complained only of a gaseous dilatation of the 
abdomen He had never suffered from pam, and he could eat any kind of food 
without discomfort His appetite had increased markedly with the progress of 
the condition He had lost only 11 pounds (5 Kg), in spite of an apparently 
large loss of fat through many years Recently, however, he had become a little 
tired from working Neither stomatitis nor icterus had ever been present 

Physical Examination — The patient looked healthy, perhaps slightly anemic, 
and was fairly well nourished The tongue was somewhat coated, and showed 

J From the Medical Department of St Elizabeth’s Hospital, Copenhagen 
■* Delivered before Dansk Selskab for intern medicine 
1 Thaysen, T E Hess Acta med Scandmav 64 292, 1926 
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impressions of the teeth Neither stomatitis nor glossitis was present Tiic 
organs of the neck were normal Icterus was not present The heart and lungs 
did not present any abnormality with the exception of a few rhonchi posteriori} 
The abdomen was rather large, distended, puffy and inflated, but no tumor 
was found in the region of the pancreas Neither the liver nor the spleen was 
enlarged Ascites was not present 

The skin was rather dry, with remnants of the condition of ichth}osis alrcad} 
mentioned The patient perspired readily He had an occipital alopecia areata 
Numerous urinalyses revealed no albumin and sugar The basal metabolism 
was from 98 1 to 100 6 per cent (Du Bois-Benedict) 

The stomach secretion was shown by the Ewald test meal to be 80+ 25 cc , 
Congo, 58/75, phenolphthalein, well chymified There was no retention after six 
hours 



Blood sugar curve after ingestion of 50 Gm of dextrose 

An examination of the blood (in Bispebjerg Hospital before admission) 
revealed hemoglobin, 73 per cent, red corpuscles, 3,650,000, white corpuscles, 
6,800, index, 1, platelets, 298,000, and plasma color, 5 A later examination 
(Feb 23, 1927) showed the following hemoglobin, 72 per cent , red corpuscles, 
4,400,000, white corpuscles, 5,000, index, 09 The differential blood count was 
normal 

Three examinations of the blood sugar curve after ingestion of from 50 to 
100 Gm of dextrose gave identical results The curve rose to about 0 163 and 
fell slowly, it did not return to the starting point in three hours (chart) Sugar 
was not present in the urine throughout the experiment 

The stools were voluminous, as much as 1150 Gm were passed in t\\ent}-four 
hours , they were yellowish white or grayish yellow, sour and foul-smelling On 
standing, they yielded a large, yellowish, butter-hke mass which on examination 
proved to contain 87 74 per cent neutral fats , 9 77 per cent free fatty acids, and 
024 per cent soaps (calculated as oleic acid) 
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Microscopic examination of the stool showed numerous droplets of fat, besides 
neutral fat (nile blue sulphate stain), many striated muscle fibers without nuclei, 
much starch, and granulose-containmg bacteria, fermentation to 35 cc in Kemp’s 
fermentation apparatus (normally about 10 cc) 

The reaction to Schmidt’s nuclear test was negative 

On Feb 19, 1927, 1 cc of duodenal juice was tested every 10 minutes The 
results are shown m table 1 


Table 1 — Results of Duodenal Test 




Lipase* 

Trypsinf 

Diastase# 

Jan 10,1927 


0 

16 2 

20 48 

Feb 19,1927 

3 44 

24 

0 

0 


3 35 

20 




5 56 

16 




6 35 

16 




7 31 

13 




7 22 

12 




77 

11 

0 

32 


* Determined by Bondi’s method 
, f Determined by Gross’ method 
I ? Determined by Wohlgemuth’s method 


Table 2 — Comparative Results of Analysis of Stools of Tin ee Patients 
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54 

60 
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36 7 
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46 
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65 2 

874 

57 

75 

291 

38 56 

75 9 

16 2 

10 4 

22 

13 7 

290 


* M is the patient m an unpublished report of a case of pancreatogenous fatty diarrhea 
in mild diabetes, on examination the digestion of fat and protein was found to bo normal 
t V K is the patient discussed in this paper 

It V T is the architect, mentioned in this paper, whose pancreas on autopsy was found 
to be atrophic 


Roentgenograms of the panel eatic region showed a row of shadows, slightly 
larger than a pea, scattered along the course of the pancreas from the caput 
to the cauda A shadow as large as a hazelnut was seen in the head of the 
pancreas Cholecystography showed a normal gallbladder lateral to the shadows 
of the calculi 

Ti catmcnt and Com sc — Immediately after admission the patient was given 
a test diet consisting of 200 Gm of rye bread, 100 Gm of wheat bread, 75 Gm 
of butter, 200 Gm of boiled codfish, 250 Gm of broth, 250 Gm of potatoes, 200 
Gm of vegetables, 150 Gm of cream, 600 Gm of oatmeal-porridge, 50 Gm of 
cheese and 3 eggs 
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This diet contained 124 Gm of albumin and 136 Gm of fat After the 
patient had remained on this test diet for five dajs, the stools of three da\s were 
analyzed (table 2) 2 

While the patient was on this test diet (twelve dajs), the total daily intake 
amounted to 124 Gm of albumin, 136 Gm of fat and 26S Gm of carboln drates 
(besides sugar in tea), amounting in all to about 2,872 calories In the stools he 
lost 85 3 Gm of fat As a part of this fat — about 8 Gm — is derived from the 
secretion of the intestinal tract, the loss of fat then was 77 3 Gm or 724 5 calories 
The daily excretion of albumin amounted to 10 7 Gm nitrogen As the normal 
excretion of nitrogen may be taken to be about 2 Gm — chiefly derived from the 
intestinal secretion and the intestinal epithelium, and I take 3 Gm to be its 
maximal limit — he had an additional loss of 8 7 Gm of nitrogen corresponding 
to 543 Gm of albumin or about 223 calories He thus had at his disposal 2,872 
— (724 + 223), or 1,925 calories, the basal metabolism (normally from 981 per 
cent to 1006 per cent) would normally require 1,660 calories, 3 as the patient’s 
height was 175 cm , his weight, 63 75 Kg and his body surface, 1 75 square meters 

Thus, according to this calculation, there was a balance of 265 calories from 
the total supply These calories were disposed of by bowel movements usually 
twice a day in the process of digestion, and by gam m weight One would be 
inclined to expect only a slight gam in weight, but the patient gained 8 pounds 
(3 5 Kg ) m twelve days It should be mentioned that the stools were formed 
or only slightly liquid during the patient’s four days’ stay in the Bispebjerg 
Hospital The diuresis was normal, from 1,200 to 2,000 cc 

The patient gained 22 pounds (9 75 Kg ) in weight while he was being treated 
in St Elizabeth’s Hospital During the last week before his discharge, he gained 
1,000 Gm , this gam was made on the same diet with the same supply of calories 
as that at the time of the first examination of the metabolism The last 
gain could hardly be due to retention of water, although the marked gam m 
weight at the time of the first examination of the metabolism most likely 
should be attributed to retention of water This striking faculty of utilizing food 
contrasts strongly with the extreme waste of proteins as well as fat with a subse- 
quent severe loss in weight, as has been demonstrated in dogs on which pan- 
createctomy had been performed (Hedon, 1 Falta, Grote and Stahelin 3 ) This is 
suggestive of the theory that the pancreas is of importance as a regulator of the 
metabolism by means of an internal secretion — an internal secretion which my 
patient, with the marked impairment of the external pancreatic function, must 
have preserved intact 

2 Several authors claim that an increased amount of lecithin m the stools is 
characteristic of the pancreatogenous steatorrhea as contradistinguished from the 
other forms of abnormal fat excretion, because it was thought (Deuchcr) that 
only the pancreatic juice was capable of splitting the lecithin Apart from ‘the 
fact that micro-organisms in the intestinal tract also are able to split this phos- 
phatide, the quantitative determination of lecithin is most uncertain For the 
phosphatides — especially the lecithin — are unstable compounds and are readily 
split Furthermore, there are at least two kinds of phosphatides with one or 
two phosphorus atoms respectively , this makes it impossible to estimate these 
substances quantitatively by determining the amount of phosphorus The quan- 
titative proportion of the two phosphatides varies considerably, and consequent!} 
it can simulate an increase or a decrease of the phosphatide content 

3 Calculated as 950 calories to 1 square meter of surface 

4 Hedon and Ville Arch de Physiol 9 622, 1897 

5 Falta, Grote and Stahehn Hofmeister’s Beitr 66 1, 1907 
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I should mention one more of the patient’s symptoms, namely, mild 
anemia (hemoglobin 70 per cent) It has been asserted (Mayo Robson, 0 
Deaver 6 7 8 and Chvosteck s ) that pancreatic lesions often are associated 
with anemia, this is true in about half of Deaver’s cases Deaver 
came to the conclusion that the anemia is a secondaiy effect of lowered 
nutrition, while Mayo Robson and, particularly, Chvosteck maintained 
that the pancreatic lesion is the duect cause of the anemia, which can 
be of a pernicious type In three cases of pancreatic lesion with anemia, 
reported by Chvosteck, one patient presented an anemia which at first 
was secondary but which became pernicious shortly before death There 
is, however, no proof that the patient suffered from a pancreatogenous 
steatorrhea, his condition can just as well be considered nontropical 
sprue Autopsy was perf ormed in the other two cases , this showed that 
the pancreatic lesion was complicated with simple anemia Mayo 
Robson likewise stated that the anemia in chronic pancreatitis can be of 
a pernicious type , but the evidence he gives is vague He reported the 
number of red blood corpuscles as being from 3,000,000 to 3,500,000, 
and the hemoglobin from 50 to 70 per cent To my knowledge, Mayo 
Robson does not furnish any other evidence of pernicious anemia in 
chronic pancreatitis Walko repotted a case of acute pancreatitis with 
anemia in which the index was raised, but this case was hardly one 
of pernicious anemia, it was probably toxic aliemia combined with 
intensive regenerative processes in the bone marrow 

In a previous paper, 1 I discussed at greater length the question of 
anemia in chronic pancreatitis with fatty diarrhea Here I merely wish 
to say that in the six patieqts with pancreatogenous fatty diarrhea whom 
I have examined, only two presented a condition of mild anemia, hemo- 
globin 77 per cent and 70 per cent (tins case), and that the only other 
abnormality revealed by examination of the blood was a low number 
of platelets m one case (12,000) and a small but hardly abnormal 
number of platelets in another case (250,000) 

Further, the exceedingly voracious appetite is noteworthy, a phe- 
nomenon which I repeatedly have observed m cases of pancreatogenous 
fatty diarrhea Besides plenty of dinner, cold meats and other food 
the patient in the present case would eat thirty slices of bread (about 
700 Gm ) a day A similar strong sensation of hunger was observed 
m dogs on which pancreatectomy had been performed 

An examination of the enzyme content of the duodenal juice showed 
that the lipolytic enzyme is present constantly m only a slight amount, 
even in those tests m which the hydrogen ion concentration is most 

6 Robson, Mayo Edinburgh M J 18 1905, p 485 

7 Deaver New York M J 95 573, 1912 

8 Chvosteck Wien him Wchnschr 31 1918, no 5, p 121 
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favorable to the action of lipase ( p n from 6 to 7) I did not find am 
similar condition m thirteen normal persons It is not abnormal tint 
neither tryptic nor diastatic action was observed at the low h)dro"cn 
ion concentration 3 44, but the small amount of these enzymes at 
Pn from 6 to 7 7 is extiaordinary A previous examination showed 
absence of lipase, a faint tryptic and a normal diastatic action 1 bus the 
amount of diastase varies a great deal, the trypsin is more constant 
but is present in only a slight amount, the lipolytic action is constantly 
low, which, I think, indicates a pancreatic lesion At any rate, these 
obsei vations agree with the results of the examination of the metabolism 

There can hardly be any doubt that the condition m this case was a 
typical pancreatogenous fatty diairhea The insidious development of 
the lesion without any previous symptoms from the gastro-intestinal 
tract, the quickly observed steatorrhea with production of a yellowish 
oily mass and the marked increase in appetite which explains the 
relatively small loss in weight, sustain the interpretation of the case 
As I have shown, the three cardinal symptoms of panel eatogenous 
fatty diarrhea are steatorrhea, azolorrhea and permanent or alimentary 
glycosuria of a diabetic type The two symptoms hist mentioned were 
present in this case to a marked degree, but I was not able to demon- 
strate glycosuria The report of a previous case shows that glycosuria 
can be absent when this lesion is present, at least m the initial stage of 
the lesion A patient previously mentioned (F N [no 5]j was not 
found to have alimentary glycosuria of diabetic type until one and one- 
half months after the first examination, when the blood sugar increased 
to 0 245 per cent In the present case, however, the blood sugar curve 
was perhaps not normal, as it showed an unusually slow fall toward 
the initial value With the demonstration of a lesion m the pancreas, 
one may assume that this slow fall is due to a morbid condition of the 
pancreatic islands 

Finally, the roentgen-ray observations — that is, the shadows of 
calculi in the pancreas — confirmed the diagnosis 

Nontropical sprue is the only disease that might be considered in a 
differential diagnosis The diagnosis of this condition w r as contra- 
indicated in the present case by (1) the pronounced steatorrhea with 
production of the oily mass, this symptom — to my knowledge — is not 
met with m sprue, (2) the slight saponification, as the soaps (determined 
as fatty acids) made up only 5 4 per cent of the excreted fats, (3) the 
marked azotorrhea in which the elimination of nitrogen w r as about three 
times larger than normally, (4) the disturbance of the internal secretion 
of the pancreas, and (5) the absence of stomatitis, (6) the mild anemia, 
which was not of a pernicious type, (7) and the absence of disturbances 
of the gastro-intestinal tract previous to the attacks of fatty diarrhea 
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From the objective signs, the fatty diarrhea with azotorrhea and 
the somewhat abnormal blood sugar curve, one must conclude that a 
diffuse lesion of the pancreas was present, and that this lesion had 
attacked the islands of Langerhans as well as acini I know of only 
two such diffuse lesions of the panel eas, diffuse carcinoma of the pan- 
creas and chronic pancreatitis Diffuse carcinoma of the pancreas is a 
rare condition, and the long duration of the illness excludes the possi- 
bility of that lesion m this instance It therefore must be assumed that 
this case was one of chronic pancreatitis with extensive calculus forma- 
tion, as evidenced by the 1 oentgenograms As far as I know, pan- 
creatic calculi have been demonstrated m every case of more or less 
advanced chronic pancreatitis m which autopsy has been performed, 
of course, there has been a great deal of discussion as to whether this 
calculus formation is the primary process and the cause of the pancrea- 
titis, or vice versa, but the question has not been settled conclusively 
Hansen 0 recently reported a similar case in which autopsy was per- 
formed Still, it is by no means a constant phenomenon that pancreatic 
calculi involve an abnormal excretion of fat, as is evident from a case 
reported by Jaquelm and Quenu 9 10 In my case, however, it seems 
reasonable to assume that the calculi are contributory — and perhaps 
markedly so — to the severe impairment of the external function of the 
pancreas 

On the whole, the causes of chrome diffuse pancreatitis aie not well 
known As I have pointed out, syphilis is of considerable importance 
as a cause, then tuberculosis, arteriosclerosis, and, perhaps, formation 
of calculi , none of the first three possibilities can be taken into considera- 
tion m this instance 

For the sake of comparison, I shall mention another case which I 
reported in the paper previously quoted The patient was an architect 
(V T ), aged 57, who contracted syphilis thirty years previously He 
had suffered from constipation since he was 26 or 28 years of age, and 
since the age of 38 had had colicky pams m the abdomen, these pains 
were diagnosed cholelithiasis Fatty diarrhea was noticed one year ago 
and glycosuria was noted at the same time The patient was admitted 
to the Bispebjerg Hospital, where analysis of the metabolism 
(table 2) showed a daily loss of fat amounting to 132 Gm and a 
loss of nitrogen amounting to 16 8 Gm At the time of the patient’s 
discharge from the hospital, the loss of fat was brought down to 
21 3 Gm , and the loss of nitrogen to 3 23 Gm At the same time, he 
was found to have diabetes with sugar m the urine amounting to as 
much as 6 per cent, diacetic acid, blood sugar (fasting) 0296 per cent 

9 Hansen, Svend Ugesk f Laeger 88 328, 1926 

10 Jaquelm and Quenu Arch de mal de l’appar digest 17 384, 1927 
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and diuresis 3,000 He improved still more after being di^chaiqcd, and 
the color of the feces became normal, but the gljcosuna periled He 
died one year later fiom acute pneumonic tuberculosis \t this time, 
the stools weie a noimal coloi and contained but few dioplcts of i at 
(microscopic examination) 

Companson of this case with the pieceding one sliows two cases of 
chronic diffuse panel eatitis which, with regard to clinical symptoms, 
illustrate the extremes of changes m the fat, protein and carbolndiate 
metabolism which this disease involves The last case of retain el\ quick 
recovery from fatty diarrhea in a diabetic patient is closely related to 
that form of diabetes which was called Hirschfeldt’s 11 pancreatogenous 
diabetes, and in which the ability to digest fat — sometimes also protein — 
is lowered, at least periodically, the second case, then, is a case of 
diabetes in which the inflammation is not localized to the pancreatic 


Table 3 — Ti ansition Types of Disease Between Two Evil erne Types of 
Pane) catogcnous Fatty Diai rhea 


Disease 

Internal Secretion 

Extern il Secretion 

Diabetes 

Abnormal 

Normal 

Hirschfeldt’s diabetes 

Pancreatogenous fatty diarrhea with azotorrhea 

Abnormal 

Slightlj abnormal 

and diabetes 

Pancreatogenous fatty diarrhea ruth azotorrhea 

Abnormal 

Stronglj abnormal 

and alimentary glycosuria of diabetic tjpe 
Pancreatogenous fatty diarrhea without azotorrhea, 

Slightly abnormal 

Stronglj abnormal 

but with alimentary glycosuria of diabetic tjpe 
Pancreatogenous fattj diarrhea with azotorrhea 
and abnormal blood sugar eune without gly- 

Slightly abnormal 

Abnormal 

cosuria 

Pancreatogenous steatorrhea with or without azo- 
torrhea, normal sugar metabolism, pancreatic 
calculi, cancer of caput pancreatis and Vater’s 
papilla 

Almost normal 

Strongly abnorrn il 

Normal 

Abnormal 


islands but has extended to the glandular acini as well The first case, 
on the other hand, with the marked impairment of the external pancreatic 
function and the slight damage to the pancreatic internal secretion, 
forms the transition to the rare cases of steatorrhea (usually not fatty 
diarrhea) which are due to localized lesions in the head of the pancreas 
or its surroundings (Vater’s papilla) Such lesions cause a purely 
mechanical obstruction of the pancreatic duct , they usually do not show 
an)' sign of damage to the internal secretion There are several transi- 
tions between these two extreme types of pancreatogenous fatty diarrhea, 
as shown in table 3 

I shall review briefly the disturbances in the digestion of fat, piotem, 
and carbohydrates which chronic diffuse pancreatitis can gne rise to, 
even though it does not always do so The clinical experience on this 
point, on the whole, agrees well with the experimental investigations, 
and it has been demonstrated that this condition may be associated with 


11 Hirschfeldt Ztschr f klm Med 19-294, 1891 
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an impaiiment m the digestion of fat sometimes also of protein, while the 
digestion of carbohydrate (starch) is always normal (Muller, 12 
Deucher, 13 Abelmann 14 ) 

With the experimental results in mind, one would expect chronic 
diffuse pancreatitis to be more advanced m cases of fatty diarrhea that 
are complicated with azotorrhea than m those cases m which the diges- 
tion of protein is normal And if one takes an increased loss of fat as 
an indication of an aggravation of the pancreatic condition, as illustrated 
in table 4, one finds this to hold true There is no azotorrhea associated 
with a relatively small loss of fat, and the azotorrhea is aggravated 
with the increasing loss of fat 

It is impoitant that the digestion of carbohydrate is sustained to its 
full extent m pancreatogenous steatorrhea, because it is essential to 
cover the deficiency in the digestion of fat and protein by an abundant 
supply of caibohydiates If the pancreatogenous fatty diarrhea is 


Table 4 — Relation Between Loss of Nit) ogen and Fat m Six Cases of 
Panel catogenous Fatty Diaiihca 


Name 

Age 

Sex 

Daily 

Intake 

of 

of Fat, 
Gm 

Daily 

Excretion 

of 

of Fat, 
Gm 

Loss 

of 

Fat in 
per Cent 

Daily 

Intake 

of 

Nitrogen, 

Gm 

Daily 

Excretion 

of 

Nitrogen, 

Gm 

Doss 

of 

Nitrogen 
per Cent 

X It 

GG 

cT 

95 

13 

13# 

15 G 

1 65 

11 

V H 

so 

d 

9S 

299 

30 5 

16 2 

2 G 

1G 

C J 

55 

J 

95 

56 9 

GO 

15 G 

43 

276 

J N 

4G 

cT 

108 

88 4 

SI 8 

18 9 

89 

47 

V K* 

43 

d 

136 

101 

74 3 

19 Si 

9 63 

539 

V T 

57 

d 

95 

132 5 

139 5 

17 G 

16 8 

97 


* Results of last examination 

t The case reports of patients N I , V H , O T and V T are published in a previous 
paper (Acta med Scandinav C4J292, 1920) 

P The result is approximate 

complicated with diabetes, the dietetic tieatment is complex, for one 
cannot give the patient large amounts of fats 01 proteins without 
aggravating the diairhea In most of these cases, however, the diabetes 
is rather mild and does not require any strict dietetic regimen In 
one of my patients (V K ) I found, as already mentioned, a lowered 
ability to digest starch, objective signs of fermentation dyspepsia, starch 
in the stools, granulose-contaimng bacteria and increased fermentation , 
on that account, I endeavored to ascertain how much the ability to 
digest starch was impaired The amount of starch in the stools was 
determined four days m succession, it was found to be, respectively, 
0 88, 0 32, 1 16 and 0 20 Gm This loss must be said to be small, as 
the total intake of carbohydrates was 268 Gm (J Mayrhofer’s methoC 
was used for the quantitative starch determination) 

12 Von Muller, F Ztschr f klm Med 12 45, 1887 

13 Deucher Cor -B1 { schweiz Aerzte 11 321, 1898 

14 Abelmann Inaugural Dissertation, Dorpat, 1890 
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In the present case there is definite evidence that the pancreas is 
abnormal, namely, the presence of calculi Hard!} any one would 
dispute the right to assume that there is a relationship between the 
pancreatic lesion and the demonstrated disturbances in the digestion of 
fat and protein The lowered ability to digest protein is readily under- 
stood wdien one assumes that the secretion of pancreatic tnp^in or its 
hydrolytic power is lower than normal!} But for the pre c -cnt I fan 
to understand the chief symptom of the condition, the fatty diarrhea, 
I cannot explain why these patients eliminate so much more fat than 
do normal persons 

In order to make this clear, it is well to review the process of 
normal digestion and absorption of fat as Pfiuger 1 ' presented it in the 
beginning of this century, for his new still prevails 

As is well knowm, the mam thought in Pfiuger’s thcorv is that the 
fat must be brought into a water-soluble form m order to be absorbed 
The neutral fats of the food are hydrolyzed by the panci eatic lipase and 
other lipolytic enzymes of the intestinal content into free fait} acids 
and glycerin The free fatty acids are dissohed b} the bile, and then 
combine with the alkalis of the bile and the intestinal content (‘■odium 
carbonate according to Pfiuger) into soaps, which are absorbed Within 
the epithelial cells of the intestines, the soaps are convened into neutrai 
fats, as the glycerin likewise is absorbed, either the alkalis are secreted 
back into the intestinal tract, or they enter the blood stream and arc 
eliminated with bile and pancreatic and intestinal juice, whereafter the} 
again are utilized for saponification A normal absorption of fat 
depends largely on the emulsification of the fats, for emulsification 
makes the fats more susceptible to the action of hpa c e on account of 
the larger surface This emulsification of the abmentar} fats is 
principally accomplished by the bile and the soaps , the pancreatic juice 
is also said to emulsify fats 

An abnormal elimination of abmentar}' fats might well be thought 
to be due to one of the following three causes (lj defective h}drolvsi‘> 
of the fat on account of an insufficient production or action of the 
lipolytic enzymes, particularly pancreatic lipase, (2) deficient saponifi- 
cation, and (3) defective emulsification of the fats It is an obvious 
conclusion that the cause first mentioned might be the explanation of the 
steatorrhea in pancreatogenous fatty diarrhea, as the external and 
internal secretion of the pancreas has been found to be abnormal But 
this explanation cannot be accepted as a matter of course, for the 
greatest number of cases of pancreatogenous fatty diarrhea show a nor- 
mal or only slightly impaired lndrolysis of the alimentarv neutral fats 


15 Pfluger Arch f Phvsiol 82 354, BOO 
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I think that the neutral fats m feces laiely amount to so much as 
was found m the patient m this case at the time of the last examination, 
the neutral fats being 57 S per cent of the fecal fats Gross 1G found 
as little as fiom 12 4 to 8 9 per cent, Salomon 17 9 pei cent, and Almagia 
7 25 and 4 07 per cent neutial fats m the fecal fat content Usually 
the figures aie larger, however, vaiymg fiom about 30 to 40 per cent, 
that is, hydiolysis is normal or only slightly impaned Consequently, the 
cause of the fatty dial rhea cannot be a defective hydrolysis of the 
alimentary neutral fats, not m most instances at any rate May it then 
be explained by assuming that soaps aie formed m an abnormally 
small quantity' 1 This view might appear to be sustained by two facts 
In the first place, a large amount of free fatty acids is found m the feces 
(up to 89 per cent of the fecal fat content, Gross) in advanced cases 
of panel eatogenous fatty diairhea, m the second place, the amount of 
soap in the feces m such cases is abnormally small Still, a defective 
saponification can hardly be the cause, foi one must assume that the bile, 
the intestinal juice and the panel eatic juice contain alkalis sufficient for 
the normal extent of this process Nor is saponification a process which 
has to be accomplished all at once — no more so than the production of 
free fatty acids from the neutral fats The process takes place giadu- 
ally, as the new-formed soaps aie absoibed, alkalis are set free for 
combination with the hydiolyzed acids 

The fact that the feces in pronounced cases of pancreatogenous fatty 
diairhea contain only a small amount of soaps cannot be considered as 
supporting the view that saponification m the small intestine is 
abnormally poor, for the fecal soaps aie the slightly soluble calcium and 
magnesium salts, while the soaps absoibed, according to Pfluger, are 
mainly the soluble sodium soaps If there were any connection between 
saponification m the intestines and the fecal soap content, one would 
expect to find few soaps m acholic steatorrhea, and this is by no means 
the rule Calcium and magnesium soaps m feces originate chiefly from 
the presence of these two metals in the food, and thus they do not have 
any bearing on the question of the absorption of fat 

As to the last possibility — that the fats or the fatty acids are not 
emulsified — it is not probable, as Pfluger has shown that the bile is able 
to make all the hydrolyzed fats water-soluble, and more besides This 
explanation then would necessarily be contingent on an abnormality of 
the bile m pancreatogenous fatty diarrhea, but there is no plausible 
evidence that this is the case It is known that m some cases of 
pancreatogenous fatty diarrhea the liver also can be the site of a chronic 
inflammation — and this coincidence is most fiequent m syphilitic pan- 

16 Gross and Gulehe Die Erkrankungen des Pancreas, Julius Springer, Ber- 
lin, 1924 

17 Salomon and Almagia Wien khn Wchnschr 121 870, 1908 
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cieatilis — but in cases of pancreatogenous fatty diarihea, autopsx u^uallx 
shows a maci oscopically normal hvei 

In weighing the evidence fiom an anal) sis of the fecal fats, I cannot 
icasonably explain the fatty diarihea by assuming a dcfcctnc fat clea- 
vage due to a loweied splitting up of the fats, noi by the supposition of 
a lowered formation of soaps or of a defective emulsification of the 
fats The meie fact that some of the fecal fat in severe panel eatogenous 
fatty dial rhea is excreted as an oil-like mass, chiefly composed of neutral 
fat, is not pioof of a defective emulsification of the fat in the small 
intestine And as the increased peristalsis, which pioduces diairhca, does 
not imply a substantial loweung of the absoiption of fat, I thus cannot 
explain the caidmal symptom of the condition, namely, the fatt\ 
diarrhea 

Of couise, attempts have been made to explain this peculiar condition, 
for it is only leasonable that the idea of the pancieatic lesion as the 
cause of the excretion of fat could not be dismissed The view fust 
piesented is that the fat cleavage found in panel eatogenous fait) diai- 
lhea is due to bacterial action and not — 01 only in pail — lo the pancieatic 
lipase, consequently, a large poition of the fat would pass down into 
the colon as neutial fat and would not be hydiol)zcd until it reached 
this intestine Concerning this it may be said that even though intestinal 
bactena aie capable of splitting neutial fat, this clea\age is iather 
insignificant, according to von Mullei’s investigations with adults and 
Eschench’s 18 investigations with children On mixing feces with neutial 
fat (milk), von Muller found that the cleavage vaned a gieat deal at 
37 degiees, the highest value being about 13 4 pei cent of the neutral 
fat Scluft, Kochmann 19 and Michaelis 20 have lm estigated various 
strains of the colon bacillus without being able to demonstiate any 
lipolytic ferment It is possible, however, that the small amount of 
soaps in the feces in cases of pancreatogenous fatty diairhea might be 
interpreted as being due to a cleavage of the calcium and magnesium 
soaps by intestinal bacteria (Alsleben 21 ) That intestinal bacteria 
(bactena in colon) bear some pait m the fat cleavage is probable, as 
normal peisons show a higher peicentage of hydrolysis m the fat content 
of the lectum than m that of the small intestine Thus Umbei and 
Biugsch 22 found that 30 2 per cent of the fat content m a noimal man 
was hydrolyzed in the duodenum, 68 9 per cent was h)diol)zed m the 
lowest part of the ileum and 81 per cent in the rectum Ten per cent 
would then be the maximum of fat cleavage by the intestinal bacteria 

18 Escherich, quoted by von Muller 

19 Scluff and Kochmann Jahrb f Kmderh 49 181, 1922 

20 Michaelis Ztschr f Immunitatsforch u c\per Thcrap 3G 449, 1923 

21 Alslcban, M Handb d norm u path Pins 3 1035, 1927 

22 Umber and Brugsch Arch f exper Path u Pharmahol 55 164, 1916 
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and this figure agrees well with those of von Muller Abelmann found 
similar proportions in dogs In order to explain the considerable 
cleavage of fat m pancreatogenous fatty diarrhea — it may even amount 
to 95 per cent of the fecal fat content (Gross) — as largely due to 
bacteria, one must attribute to the intestinal bacteria such a strong 
lipolytic powei as is conti ary to all published lesults of investigations of 
this question 

Another theory tends to show that the pancreas has an internal 
secietion which acts on the absorptive faculty of the intestines The 
theory was first advanced by Lombioso, 23 and he founded it on the 
following experimental observations 

If m dogs a pancreatic fistula is produced m such a manner that 
all the panel eatic juice escapes thiough the fistula, or if the head and 
the ducts of the panel eas aie extnpated while some of corpus and the 
tail are left in place, or if the pancreas is extirpated and then implanted 
m the abdominal wall, these injuries will — accoidmg to Lombroso’s 
experiments — lower the absorption of fat from 8 1 to 44 1 per cent after 
ligation of the pancreatic ducts, from 11 4 to 22 per cent with Pavlov’s 
fistula and from 22 6 to 73 2 per cent after transplantation of the 
panel eas into the abdominal wall If the pancreas is completely removed 
from the animals operated on in this manner, the loss of fat will exceed 
100 per cent 

As Lombroso did not succeed in impioving the absoiption of fat in 
such animals by introducing libeial amounts of panel eatic juice into 
the duodenum, he concluded that the pancreas has an internal secretion 
which influences the absorptive faculty of the intestines In a later 
paper, he further elaborates his theoiy by demonstrating that dogs on 
which pancreatectomy has been pei formed eliminate fat in excess of 
the intake with a melting point different fiom that of the fat ingested 
Thus the pancreas would be able to transfer fat from the fat depots to 
the intestines 

Lombroso’s experiments, however, have been criticized a great deal 
first by Pfiuger, who considers his determination of the absorption 
values to be incorrect, and who is unable to subscnbe to Lombroso’s 
denial of the presence within the gastro-mtestmal tiact of secietions 
which can fill the place of the pancreatic juice Further, Burchardt 21 
has not been able to confirm the lesults of Lombroso’s experiments 
but some observations by Hedon, Luthje, Falta, Grote and Stahehn 
( references to the literature are given by these authois) on the increased 
waste of proteins and fats m pancreatectonnzed dogs support the view 
that the pancreas is of importance in the protein and fat metabolism — 

23 Lombroso, Ugo Arch f exper Path u Pharmakol 56 357, 1907 

24 Burchardt Arch f exper Path u Pharmakol 58 251, 1908 
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just as it most decidedly is so in the caiboh}diate metabolism Fr>ltu, 
Grote and Stahelm think that thiough internal ‘-eciction the pancreis 
secietes a substance which restucts the combustion of fat m nonnal 
pei sons and likewise, to some extent, the piotem metabolism In that 
respect it is woithy of mention that clinicians speak of a pancreatogenous 
adiposity All these investigations, howcvei, meielv intimate that the 
function of the panel eas is more complex and coaeis moie phases than 
those known so far, namely, its external function and its pait m the 
carbohydrate metabolism, they do not explain vhy the fat cannot hi 
absoibed in panel eatogenous fatty dianhea 25 

In view of the lathei large disci epancies m the lesulls of expen- 
ments on metabolism by vanous aulhois, aftei paitial 01 tot.d panel c- 
atectomy (Abelmann, Vaugham Hailey, 20 Lombroso, Bui chat dt, Fleck- 
sedei, 27 Hedon and Ville, McClure, Vincent and Piatt ls ), and considei- 
mg that the same authoi using the same technic secuies such diffcicnt 
results with different dogs, one can only agiee with Piatt in his con- 
clusion that dogs vaiy a gieat deal in their ability to absoib fat aftei 
panel eatectomy Even after total panel eatectomy some animals can 
absoib a large amount of fat, while otheis exciete all the ingested fat 
and moie 

I shall bnefly mention the anatomic obseivations m case V T , the 
histoiy of which has been given The values obtained in the metabolism 
tests on this patient are given m table 2 (V T ) As already mentioned, 
the fat and protein metabolism lemamed almost nonnal foi about one 
year after the patient’s dischaige from the hospital, with foimed ieces 
of nonnal coloi and with few fat dioplets m the feces on micioscopic 
examination The panel eas consisted of a lump of fibious tissue 
slightly laigei than a hazelnut, coriespondmg to the head of the pancreas 
and a coat of fibious tissue fiom 2 to 3 mm in thickness enveloping 
the dilated duct which contained a few calculi ranging in size fiom that 
of a pea to that of a millet seed 

Microscopic examination showed that the largest pait of the oigan 
consisted of connective tissue with some perivascular lound cell mfiltia- 
tion, moie marked m the cauda than m the caput, and numerous dilated 

25 Hill and Bloor (J Biol Chein 53 171, 1922) ha\c examined the fecal fat 
content after intake of meat and coconut-oil and lia\e found its melting point to 
be constant, regardless of the food According to their opinion, this indicates 
that fat is not secreted in the intestines, but that the ingested fat normalh is 
completely absorbed, and that the fecal fat content is derned from intestinal 
juice, bile, leukocytes, etc 

26 Vaugham, Harl} JPhjsiol 18 1, 1895 

27 Fleckseder Arch f exper Path u Pharmakol 59 -107, 190S 

28 McClure, C W , Vincent, B , and Pratt, J II J Exper Med 25 381 
1917 
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secretory ducts Of the glandulai tissue, only a few remnants of acini 
remain m isolated spots and a few evidently hypertrophic islands The 
specimen weighed 25 Gm (the normal weight of the pancreas is from 
100 to 120 Gm ) 

It is astonishing, to say the least, that such an atiophic pancreas 
fiom which the acinar gland tissue has almost completely disappeared 
should be able to maintain an almost normal absorption of fat But the 
case is not exceptional Von Muller reports a case of almost complete 
atrophy of the pancreas in which the digestion of fat was normal and 
the digestion of protein only slightly impaired, he cites this case as 
evidence of his view that the pancreas is not of great impoitance in the 
digestion of fat In 1925, Labbe 29 had a similar case m which the 
digestion of fat and protein was normal At no time during their 
sickness did either of these two patients have fatty diairhea 

I cannot get away from the fact that atrophy of the pancreas — 
just like pancreatectomy m animals — is tolerated diffeiently by different 
persons, even though this condition usually implies consideiable dis- 
turbances m the digestion of fat and protein Consequently, some 
persons are more capable than others of mobilizing their auxiliary diges- 
tive ferments and of accomplishing the absorption of their cleavage 
products But the process is not known It is probable that chronic 
diffuse pancreatitis with its slow progress gives the organism a better 
chance of attaining this end than does expenmental pancreatectomy It 
is not surprising that an extensive formation of calculi m the pancreas, 
as m the case reported here with large concrements in the caput — 
most likely m Wir sung’s duct — is more apt to cause a severe and pio- 
tracted impairment of the digestion of fat and protein than is the 
insidious chiomc pancreatitis, with less extensive stone formation In 
the six cases of pancreatogenous fatty diarrhea that I examined previous 
to this case, the fatty diarrhea was transitory and of short duration 
(from two months to about one year), and it yielded to suitable treat- 
ment In this case it was aggravated 

Cases of fatty dianhea m connection with chronic diffuse pancreatitis, 
or raiely with a diffuse carcinoma of pancreas — are encountered, but 
I am unable to explain the origin of its chief chaiacteristic, the abnormal 
elimination of fat Cases of chiomc diffuse pancreatitis in which the 
glandular structures are almost completely destroyed are seen, and I 
fail to understand why these cases are not associated with fatty diarrhea, 
and yet there is no doubt that the pancreas is important to the assimi- 
lation of fat m the intestines Finally, one encounters fatty diarihea 
m cases m which neither the pancreas, the intestines noi the bile 

29 Labbe Arch de mal de l’appar digest 14 581, 1925 
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appears to be abnormal, namely sprue I therefore cannot explain the 
pathogenesis of fatt) diarrhea 

Tieatment — The metabolism tests showed that it was necessary to 
restrict the intake of fats and proteins as far as feasible, as a more plenti- 
ful supply of these substances merely would increase the diarrhea The 
patient gained 22 pounds Kg ) b) increasing his intake of carbo- 
hydrates — plenty of bread the ate as much as thirty slices of bread a 
day porridges, fruits, vegetables, hone}, marmalade and beer — a diet 
poor m fats and relatively poor in proteins He again became normal as 
to body fat He was given five tablets of 0 5 Gm of a preparation con- 
taining pancreatm with 10 per cent of tannin a day for a period of five 
days, during which time the daily amount of feces v as 670 Gm , m 
the five days preceding this period the amount was 570 Gm a day, 
and m the five days following the discontinuance of pankreon, the 
administration of the amount was 670 Gm a day Pankreon thus did 
not have any effect on the amount of feces w r hich are composed mostly 
of fat and undigested or partly digested proteins Throughout the entire 
period, the stools were of formed consistency, usually two stools a 
day The diet mentioned had the effect that the <=tools gradually looked 
more natural But, as shown on examination, this improvement did 
not signify that the patient really did digest the fat better than before, 
it was merely due to the decrease of fats m the diet On the whole 
the total daily amount of feces had decreased, during the first fifteen 
days on this diet, the stools on an average amounted to 650 Gm a dav , 
during the last fifteen days to 525 Gm The interval between these two 
periods was about six weeks 

SUMMARY 

Description is given of a case of pancreatogenous fatty diarrhea, 
caused by a pancreatitis of unknown etiology that was complicated with 
extensive calculus formation m the secretory ducts 

This case presents tw o of the cardinal symptoms of pancreatogenous 
fatty diarrhea, namely steatorrhea and azotorrhea, the third cardinal 
symptom, permanent or alimentary glycosuria of diabetic type was 
absent 

The pathogenesis of the fatty diarrhea is discussed on ba=is of 
Pfluger’s theory 

A case of almost complete atrophy of the pancreas with normal or 
only slightly lowered fat absorption is mentioned 

The possibility that pancreas contains a substance which influences 
the absorbtion power of the intestine by way of the blood, is discussed 
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Although the statement may seem somewhat sweeping, it is never- 
theless a fact that a study of bronchial asthma has not yet been presented 
which might reasonably be viewed as conclusive This must of necessity 
be true, because the asthmatic state has become so inextricably involved, 
not only with the question of anaphylaxis, but likewise with theories of 
desensitization And since it is recognized that theie is still lacking a 
thorough understanding of the phenomena of shock and sensitization — 
on which both anaphylaxis and desensitization have a bearing — the ulti- 
mate solution must still be sought 

The conviction that immunization to be effective must be carried out 
by specific means — largely the work of von Behring and Ehrlich — was 
somewhat shaken more than thirty years ago It was then that the 
theory of nonspecific desensitization was first inaugurated 

This was accomplished through the work of Buchner, Romer, Kuhne, 
Rumpf, Matthes, Bauer and numeious others, who, by both experi- 
mental and clinical demonstration with a number of dissimilar substances, 
seemed to establish the validity of their theory 

As early as 1895, Matthes, 1 in the therapy of tuberculosis, obtained 
a reaction following the administration of deuterproteose which was 
similar to, or identical with, the reaction previously considered specific 
for tuberculin 

Among other pioneers, the name of Rumpf 2 stands out prominently 
On the basis of experimental work done by Buchner, Rumpf treated 
with subcutaneous injections of a pyocyaneus vaccine a series of patients 
who had typhoid fever, achieving results as promising as those obtained 
by Frankel with typhoid vaccine It was Rumpf who, at this early period, 
called attention to the phenomenon now termed anaphylactic shock, con- 
sisting of chills, sweating and a fall of temperature and pulse rate follow- 
ing these injections He also noted that the earlier this therapy was 
administered m the course of the disease, the better the results, and 
called attention to the state of well-being experienced after the injection 

Again, Ichikawa, 3 working independently, reported m 1912, and again 
m 1914 results just as satisfactory m paratyphoid fever with intra- 
venous injections of typhoid vaccine as he had obtained m typhoid 

From the Department of Applied Immunology of the French Hospital and 
Fifth Avenue Hospital 

1 Matthes, Max Deutsches Arch f him Med 54 39, 1895 

2 Rumpf, T Deutsche med Wclinschr 19 987, 1893 

3 Ichikawa, S Ztschr f Immunitatsforsch 23 32, 1914-1915 
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About the same time, Kraus, 4 having investigated the splendid work 
which had been accomplished in the treatment of t)phoid with the intra- 
venous use of colon vaccine, applied the same theiapy in pueiperal infec- 
tion, septicemia, scarlet fever and plague, obtaining similarly successful 
results 

On these and on additional observations and results, the modern 
conception of nonspecific therapy has gradually been built It bad been 
shown that astounding physiologic effects could be produced in human 
bemgs as well as experimentally with various nonspecific antigens 

Various proteins and protein derivatives have been employed In 
1910, Schmidt had injected milk intramuscularl) , Ludke mtioduced the 
injection of proteoses or albumoses, and Mittlander employed hypertonic 
salt solution Distilled w r ater, small doses of tuipentine, coloidal metals, 
nucleic acid, lipoids, enzymes and numerous other substances capable of 
producing a general reaction — today known as shock, anaphylactic leac- 
tion and allergy — were administered 

As a result of these obsenations and of increased clinical results, a 
mass of literature has accumulated, setting forth vaiymg view r s on eveiy 
phase of this vast question — the phenomenon of the reaction, immuniza- 
tion and anaphylaxis, the efficacy of nonspecific therapy in general and 
of the proteins m particular (including substances such as milk, gelatin, 
globulin, enzymes, normal serum, peptone and egg white), the question 
of dosage, the advantage of vanous means of administration and numer- 
ous other phases 

In nonspecific therapy, as in every new^er mode of therapy, the suc- 
cess which attended it may have led to o\ erenthusiasm m its employment 
It must not be forgotten, however, as Zinsser 5 has pointed out in his 
book that the entire problem is still clothed in considerable mj stery and 
is entirely too complex to be dealt with even m a book of that scope 

The fact that varying degrees of success have been attained with a 
particular form of protein in persons suffering from an apparently 
identical disorder, or m the same subject at different tunes, has led 
therefore to much consideration by various investigators And it is 
perhaps through an analysis of their deductions that a solution of the 
problem ma)'' eventually he 

Petersen 6 states that “protein therapy offers a possibility, perhaps 
the most powerful at our command, for the alteration of the current of 
cellular activity, either in the direction of acceleration of function or 

4 Kraus, cited by Petersen (footnote 6) 

5 Zinsser, Hans Infection and Resistance, New York, Macmillan Company, 

1923 

6 Petersen, W F Protein Therapj and Non-Specific Resistance, New York, 
Macmillan Company, 1923 
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depiession of function,” but he admits that its application should he 
limited to certain stages of the disease process In this connection, he 
states 

If nonspecific therapy is after all merely a method that deals with heretofore 
known reactions, we must be prepared to accept the probability that it obeys all 
the commonly observed laws of biologic reactions If we regard it as a method of 
stimulation — plasma activation — it follows that it can only be effective when the 
protoplasm is still in fit condition to respond to stimulation Once the stage of 
exhaustion has been reached, the mere irritation of the nonspecific agent is no 
longer able to bring about any alteration in the disease process other than 
aggravation 

Many believe, with Petersen, that the patient does not become sensi- 
tized to the proteose injections, hut that m this way a degree of toler- 
ance is established m which subsequent injections do not give an equal 
response Likewise, Novy, de Kruif and Novy 7 aie of the opinion that 
peptone itself is not toxic, but when brought into contact with a reactive 
serum or plasma it brings about the change which results in anaphyla- 
toxm production 

Karsner and Ecker, 8 in a study of the desensitized state in serum 
anaphylaxis, tell that “nonspecific, usually transitory reduction of shock, 
has been produced by an injection of various substances, but the final 
issue as regards specificity of this phenomenon is still a matter of 
considerable dispute ” These investigators quote Thomson, 9 who 
believes that much depends on the degree of sensitiveness m each sub- 
ject as well as on the particular time of desensitization They also cite 
Massim 10 who, following much experimental work, concludes that 
anaphylaxis is specific, but that, in addition, theie is present a nonspecific 
element This latter theoiy is also sponsored by Schiff 11 and others 

The theories referred to will no doubt suffice to indicate the general 
lack of agreement on the subject under consideration m the present 
article 

VARIETY OF PEPTONE 

In regard to the variety of peptone employed in the treatment of 
patients with asthma, it seems logical to expect that the chemical com- 
position of the particular brand admimsteied would exert a definite 
characteristic influence Such, however, does not seem to be the case, 
as will be noted from the following i eports gathered from the literature 

Novy, de Kruif and Novy, 7 using Witte’s peptone, found it less toxic 
than agar when employed experimentally In 1927, Auld 12 reports 

7 Novy, I G , de Kruif, P H , and Novy, F O J Infect Dis 20 657, 1917 

8 Karsner, H T , and Ecker, EE J Infect Dis 30 333, 1922 

9 Thomson Ztschr f Immumtatsforsch u exper Therap 26 213, 1917 

10 Massim Ztschr f Immumtatsforsch u exper Therap 27 194, 1918 

11 Schiff, Nathan Am J M Sc 5 664, 1918 

12 Auld, A G Brit M J 1 829 (May 7) 1927 
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unfavorably on lesults obtained when this brand of peptone was used 
exclusively, for the leason that it contains histamine He found se\eral 
othei peptones “dangerous,” and otheis “feeble, as the} contain little 
proteose ” 

In 1923, Larsen, Haigh, Alexandei and Paddock,” on the basis of 
the success previously (1920 and 1921) repoited by Auld m the treat- 
ment of bronchial asthma with intravenous and mtiamusculai injections 
of a mixture of Witte’s and Aimoui ’s peptone suspended m 0 85 pei cent 
solution of sodium chloiide employed Auld’s method in a study on 
experimental animals This therapy, as reported by these waiters, not 
only yielded poor lesponse but led them to conclude that “clinically the 
use of peptone intravenously, in bionchial asthma, accoidmg to the 
method of Auld, has been disappointing, and is consideied dangeious ” 
Among numerous other workers, Miller and Raulston, 14 in 1923, and 
Ball, 15 in 1927, repoited lesults obtained with intravenous injections of a 
5 per cent solution of Armour’s peptone in the treatment of patients with 
migraine These writers believe that migi ame, epilepsy, asthma, ha} -f evei , 
urticana and angioneui otic edema aie kindred disoideis, all being evi- 
dences of anaphylaxis, among other observations they i epoi t the pi esence 
of eosmophilia m each of the conditions mentioned Millei and Raulston 
state, furthermore, “that lelief from peptone was tempoiary as in hay- 
fever and asthma ” In Ball’s cases, 15 per cent of the patients showed 
improvement, 35 per cent were maikedly impioved and 50 per cent were 
failures Miller and Raulston’s results approximated Ball’s, with 16 
per cent improved, 36 pei cent maikedly impioved, and failures m 48 per 
cent of cases Miller and Raulston, however, also quote Auld 10 who 
pointed out the special advantage of Armoui’s 5 pel cent prepaiation 
over Witte’s, the former containing a smallei amount of pumary pio- 
teoses Again, Miller and Raulston suggest that its action as a desensi- 
tizer may be due to the proteoses and not to the peptone itself, pointing 
to the fact that Auld could not secuie favorable effects m asthma when 
pure peptone was administered Peptone had a definite action in tem- 
porarily lelievmg migraine attacks m then experience, but noting the 
observations of other workers who repoited maiked urticaria following 
single injections, they ventured to suggest that “diffeient preparations of 
the same brand no doubt differ m their composition ” 

Whether or not this last feature is an important phase of the subject, 
contributing to the unreliability of results, or -whether still moie momen- 

13 Larsen, Haigh, Alexander and Paddock J Immunol 8 409 (Sept) 1923 

14 Miller, J L , and Raulstone, B O Treatment of Migraine with Peptone, 
J A M A 80 1894 (June 30) 1923 

15 Ball, F E Am J M Sc 173 781 (June) 1927 

16 Auld, A G Brit M J 1 696 (May 14) 1921 
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toils factors intervene, remains an open question Much discussion has 
also centered about the questions of dosage and the mode of admin- 
istration 

DOSAGE AND MODE 01- ADMINISTRATION 

Petersen 0 states 

With nonspecific therapy, as with other new therapeutic procedures, there is 
still some uncertainty as to the proper dosage Especially is this true because the 
dosage depends to some extent on the vigor of the patients, on the type of infection 
which is causing the disease, as well as on the stage of the disease 

On the basis of the fact that in antianaphylaxis or desensiti/.ation a nonspecific 
element is at times observed, other methods have been devised which are some- 
times applied more easily than the specific method that Walker has used Only 
larger clinical experience will enable us to draw conclusion It must be borne in 
mind, too, that our conception of protein therapy must not be limited to the intra- 
venous injection of typhoid vaccine or peptone Many of the milder reactions 
continued over a longer period of time may be found much more effective 

Auld reports on the use of injections of peptone (dissolved in 
physiologic solution of sodium chloride to which a small amount of 
sodium carbonate is added) given either intravenously or subcutaneously 
Pagmez and Widal, Abrami and Brissaud use peptone by mouth, and 
Cordier uses enemas of peptone Some require the continuous use of 
the peptone, others do better when it is given for from three to eight 
days followed by an interval of the same length 

On the whole, the administration of peptone has been accomplished 
by different routes, each method in turn being advocated or discarded by 
the various investigators Pasteur Vallery-Radot and Blamoutier 17 
following a three years’ expenence with peptone, believe that mtradermal 
injections are beneficial m cases of hay-fever and essential asthma m 
which the attacks aie frequent They advise that this treatment be 
administered during the attack Patients with spasmodic coryza 
impioved, although relief was of shoit duration These writers admin- 
istered either Witte’s or Chassing’s peptone (The technic and dosage 
will be described toward the end of this article ) The entire series con- 
sisted of twenty injections, administered once a day Care was exer- 
cised to inject the solution into the skin, injected beneath the skin, a 
phi} ctena and sloughing may ensue, according to these observers 

In connection with subcutaneous injections of peptone, Schiff 11 
reports splendid results clinically with a 33 33 per cent solution of 
Armour’s dry peptone Three minims (0 18 cc ) of this solution he 
believes to be a safe dose This was increased by 1 minim (006 cc), 
up to 1 cc , at biweekly or triweekly intervals Schiff, guided by experi- 
ence, gages the dosage according to the symptoms and progiess of the 

17 Vallery-Radot, Pasteur, and Blamoutier Bull et mem Soc med d hop 
de Paris 51 491 (May 5) 1927 
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individual case In the event of a seveie local leaction, he repeats the 
preceding dose Early recognition of the appioach to the limit of 
toleiance is regarded as of great importance 

Walker, 18 however, reports that benefit was not dem ed in a few non- 
sensitive asthmatic patients, from large doses of peptone, also admin- 
istered subcutaneously Walkei states in this connection 

This method of treatment is dangerous unless the patient is tested with peptone 
to rule out the possibility of his being sensitive to it We feel that this fad of 
injecting patients with proteins to which they are not already sensitive is, m gen- 
eral, apt to be a mistake 

Larsen, Haig, Alexander and Paddock 13 administered peptone 
(Chapotaut’s peptone tablets) by mouth in a few cases of bionclual 
asthma, but with negative results It was equally disappointing in 
patients with urticaria, who were given these tablets m doses of from 
01 to 0 3 Gm fifteen minutes befoie meals 

In their search for a satisfactory method, Larsen, Haig, Alexandei 
and Paddock thereupon employed the technic used by Auld m this earliei 
work (20 16) which consisted of administering mtiavenously a 5 per 
cent suspension in 85 per cent solution of sodium chlonde, of a mixtuie 
of Armour’s and Witte’s peptones, m ratio of 3 1 Iieie again, the) 
report that “clinically the use of peptone intravenously in bronchial 
asthma, according to the method of Auld, 19 has been disappointing and is 
considered dangerous ” 

Novy, de Kruif and Novy, 7 m an experimental study in which 
Witte’s peptone was injected intravenously, found that the symptoms 
and conditions of guinea-pigs and white rats so treated were identical 
with those produced by anaphylatoxm, by agar, or by specific anaphylac- 
tic shock The average lethal dose for guinea-pigs they report as 
0 3 Gm per kilogram, that for the rat being 2 Gm per kilogram — an 
amount seven times larger than for guinea-pigs In rabbits, in addition 
to the usual symptoms, such as dyspnea, spasms and convulsions, a strik- 
ing exophthalmos was noted, also a great drop m blood piessure and a 
marked decrease in coagulation time The rabbit was found more 
resistant than the rat, the least amount of peptone which was fatal being 
3 Gm per kilogram These animals showed an immunity or tolerance 
to repeated injections of peptone, the same as shown on dogs and gumea- 
pigs 

These investigators, making additional experimental studies, tested 
the effect of injecting the anima’s own serum treated with peptone and 
found that here also anaphylatoxm is produced The transfusion of the 

18 Walker, cited by Petersen (footnote 6) 

19 Auld, A G Brit M J 1 576, 1920 
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blood of rats injected with peptone demonstrated that anaphylatoxm was 
formed in vivo 

In 1927, Auld, finding that the effect of peptone in human beings 
varies greatly, decided on the combined use of peptone, serum and agar 
m those cases which did not yield to peptone alone He stated that while 
these substances “act m an entirely different manner, yet they bring 
about m animals the same result ” Five cases are cited illustrating the 
splendid effects of this means of therapy in subjects previously treated 
with little or no success, either with peptone exclusively or with other 
treatment Auld, however, admits that a few of his patients — a small 
percentage — did not respond to this newer therapy 

REPORT OF CASES 

Based on the observations cited, I have employed various prepara- 
tions of peptone, administered in accordance with numerous methods 
suggested The entire series comprises sixty cases, grouped according to 
the following plan 

Group 1 — Intramuscular injections of a S per cent peptone (Armour’s) solu- 
tion, twice a week, for two months 

Group 2 — Intramuscular injections of a 5 per cent peptone (Armour’s) solu- 
tion, every day, for two weeks , then once a week, for two months 

Group 3 — Intradermal injections of a 30 per cent peptone prepared according 
to the method suggested by Dr Pasteur Vallery-Radot and Blamoutier 17 

Fifty grams of peptone are mixed with an amount of distilled water suf- 
cient to make up 100 cc , this is then stirred with a glass rod It is left at room 
temperature or put in a water bath, stirring from time to time, and adding water 
to keep the quantity at 100 cc for from twenty-four to forty-eight hours It is 
then filtered through ordinary filter paper, this procedure taking several hours 
The solution is put in ampules and sterilized One cubic centimeter of this solu- 
tion contains 0 5 grains of peptone 

The first injection consisted of 0 1 cc of the solution, the second, 02 cc , the 
following, 0 3 cc The last dose was never exceeded The entire series consisted 
of twenty injections, one administered each day 

Group 4 — Peptone powders by mouth in 5 and 10 grain (032 and 0 65 Gm ) 
doses, three times a day, one hour before meals, for two months 

Group 5 — Intravenous injections of 1 cc of 5 per cent peptone solution, twice 
a week, for four weeks 

Group 6 — Intravenous injections of 2 cc 5 per cent peptone solution, once a 
week, for four weeks 

Group 7 — Intravenous injections of peptone serum, according to the technic 
suggested by Auld, once a week, for four weeks (on five patients), and once a 
week for eight weeks (on five patients) 

The results in the foiegomg cases are as follows 

In groups 1, 2 and 3, ten cases each, benefits did not result In 
group 4, there were also ten cases, m which benefits were not noted 
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In group 5, five cases, slight temporary improvement was observed, but 
not sufficient to justify treatment In group 6, five cases, there was 
slight improvement following each injection In gioup 7, in w'hich 
injections were given five patients for four weeks and five patients foi 
eight weeks, l espectively, benefits w r ei e not noted 

As will be seen from this study, the employment of peptone m the 
treatment of patients with bronchial asthma has been wholly disappoint- 
ing in my series of cases In evaluating this means of theiapy, I lieaitily 
endorse the summarization of Dr William S Thomas 20 m a lecent 
publication compusing a study of asthma, in which he says 

Careful trial of various nonspecific protein methods of treatment of asthma 
has left me unconvinced of their value It is difficult to explain the fact that 
peptone, for example, as a desensitizing agent and remedy for asthma is approved 
by English, French and some American writers, while almost all colleagues of 
my acquaintance, and I with them, have failed to obtain beneficial results from 
its use, either by the employment of methods of injection or by mouth 
administration 

SUMMARY AND CONCLUSIONS 

After a careful and absolutely unbiased analysis of patients treated 
with peptone, I feel justified m stating that m my experience peptone is 
of no value m cases of bionclnal asthma 

I hesitate to state this conclusion, in lieu of the favoiable result 
published by such excellent observeis as Pasteur Vallery-Radot, 
Blamoutier, Auld, Schiff and otheis 

47 West Fifty-Fourth Street 


20 Thomas, W S 


Asthma, New York, Paul B Hoeber, 1928 



CHEMICAL ANALYSES OF BLOOD IN PATIENTS 
HAVING SENILE CATARACT * 

CECIL S O’BRIEN, MD 

IOWA CITY 
AND 

VICTOR C MYERS, PhD 

CLEVELAND 

A study of the chemistry of the blood m patients suffering from 
senile cataract was undertaken because we felt that since this type of 
cataract is always bilateral, it must be due to systemic changes It was 
thought that changes in the blood might possibly point out lines of study 
which would eventually lead to a discovery of the etiology of these 
senile changes so frequently seen in the crystalline lens 

As far back as 1881, Cahn, 1 in Hoppe-Seyler’s laboratory, following 
some earlier obseivations of Jacobsen, reported data on the composition 
of cataractous lenses, in comparison with those of normal eyes In lenses 
exhibiting cataractous changes the figures show a marked increase m all 
lipids cholesterol, lecithin and fats The increase m cholesterol is 
particularly striking, being 0 62 pei cent per hundied parts of the solid 
residue m normal lenses and 6 22 per cent m cataractous lenses 

In the series of cases studied, the analyses included cholesterol, urea 
nitrogen, sugar and hemoglobin, a number of other detei mmations were 
also made which are not recorded heie, namely on unc acid, chlorides, 
calcium, inorganic phosphates, carbon dioxide content and the pa, all of 
which were found to be essentially normal 

Since hypercholesterolemia is encountered m diabetes and m certain 
forms of nephritis, the figures for blood sugar and urea nitrogen are 
recorded as bearing on these possible complications 

Cholesterol was estimated by the Myers-Wardell method, blood 
sugar according to Folm-Wu, urea nitrogen by a nesslerization technic 
and hemoglobin by employing a Newcomer disk — all as described by 
Myers’ text 2 

Strictly normal figures for the cholesterol content of human whole 
blood may be given as varying from 140 to 170 mg per hundred cubic 
centimeters It will be noted that twenty-nine, or 54 per cent, of the 

* From the Departments of Ophthalmology and Biochemistry, the State 
University of Iowa 

1 Cahn, A Zur physiologischen und pathologischen Chemie des Auges, 
Ztschr f physiol Chem 5 213, 1881 

2 Myers, V C Practical Chemical Analysis of Blood, ed 2, St Louis, 
C V Mosby Company, 1924 



O'BRIEN-MYERS— BLOOD CHEMISTRY AND CHAR 1C I 377 

fifly-foiu cases m our senes show figuies foi cholesleiol above 170 nig 
Nine of the cases have figuies for urea nitiogen \aiymg fiom 20 to 
23 mg , while three cases show blood sugais above 150 mg Theic does 
not appeal to be any dnect lelationship, howevei, between the level of 

Blood Analyses m Patients with Senile Calaiact 
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the blood uiea or sugar and the cholesteiol, and it does not seem that the 
hypei cholestei olenna may be ascribed to a lenal or diabetic factoi 

The obseivations on the blood cholesteiol m patients with senile 
cataract are somewhat analogous to those m cholelithiasis, where efforts 
to show a duect lelationship between hypercholesterolemia and cholch- 



378 


ARCHIVES OF INTERNAL MEDICINE 


thiasis 2 have been disappointing m that, at the time of operation, a 
fairly large percentage of patients show perfectly normal figures for 
cholesterol, while in many others the hypercholesterolemia observed is 
due to jaundice The presence of hypercholesterolemia at the time of 
the formation of gallstones, however, has never been disproved 

We believe that the rise in the cholesterol content of the blood 
observed m our series of cases is interesting, but we do not wish to 
place undue emphasis on it at the present time, although it may well be 
an important etiologic factor One of us is now engaged in a study of 
the blood in noncataract cases in patients of similar age, and is extending 
the blood studies to cover the fat and lecithin , a study of the tolerance 
for sugar m patients having senile cataract is also being made A study 
of the chemical make-up of cataractous lenses as compared with normal 
ones is also being undertaken 

Several analyses of lenses, made by Mr P W Salit at our sugges- 
tion, are of interest A normal lens showed 0 4 per cent cholesterol, 
whereas two cataractous lenses ga\e figures of 0 51 and 0 7 per cent with 
blood cholesterols of 0 166 and 0 205 per cent, respectively 

CONCLUSIONS 

Chemical blood analyses have been made on a series of fifty-four 
cases of cataract The observations on the blood were essentially normal 
except for the cholesterol, which was somewhat increased in 54 per cent 
of the cases This observation is being further investigated 

3 Gorham, F D , and Myers, Y C Remarks on the Cholesterol Content 
of Human Blood, Arch Int Med 20 599 (Oct) 1917 



PRESENILE DISTURBANCES OF BLOOD 
PRESSURE >' 

EUGENE BARATH, MD 

BUDAPEST, HUNGARY 

Clinical expel lences give evidence that about the end of the fouith 
decade of human life, and sometimes eaihei, a peuod begins which may 
be regai ded as piesemle age , 1 and it is chaiactenzed by distui bailees of 
the circulatoiy system besides many other alteiations The clinical 
symptoms of these disturbances are as follows The blood piessuie 
becomes highei on a constant level, and at the same time one finds 
various signs of caidiac incompetence, especially dui mg physical woilc, 
such as mciease m the pulse late, piecordial uneasiness and, sometimes, 
dizziness The accommodative powei of the blood piessuie becomes 
unsteady, as demonstiated by its lriegular fluctuation Therefore, an 
investigation into the complicated mechanism of the ongin of high blood 
piessuie in persons of piesemle age is justified The problem is 
impoitant, since it is connected with many mtei esting questions of 
disease m human beings 

The consideiation of these questions may also bung out some piac- 
tical points relating to the pioblems of hygiene, piophylactic medicine, 
life msui ance, etc 

CRITICAL REVIEW OF METHODS FOR DETERMINATION 
OF BLOOD PRESSURE 

Caieful determinations of the blood pressuie leveal many impoitant 
data relating to the function of oigans which regulate the blood piessuie 
level Functional changes in this system are often expressed by varia- 
tion in the blood pressure level, as demonstrated by the investigations 
of Fahienkamp , 2 who found interesting alteiations by repeated measure- 
ments made during a day, and especially by measuiements made eaily 
m the morning C Muller 3 and Katsch and Pansdorf 4 observed a 
striking diminution in the blood pressure of noimal persons during 
- • 

* From the Department of Internal Medicine, Clinic 3, of the Hungarian 
Royal “Pazmany Peter” University of Budapest 

1 This age corresponds to presemle age in my country and, I believe, m all 
Europe Possibly it begins somewhat below or above this age in other parts of 
the world 

2 Fahrenkamp, K Ueber Hypertension, Ergebn d ges Med 5 144, 1925 

3 Muller, C Die Messung des Blutdruches am Schlafenden, Acta med 
Scandinav 55 381, 1921 

4 Katsch, G, and Pansdorf, H Die Schlafbewegung des Blutdruckes, 
Munchen med Wchnschr 69 1715, 1922 
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sleep All these observations, however, do not give one sufficient knowl- 
edge of the accommodative power of the system which regulates the 
blood pressure level — -the vasomotor center, vasomotor nerves, etc — but 
prove only the temporary differences m pressure Therefore, one must 
look for functional tests 

By means of functional tests one can determine how certain organs 
or groups of them react to a certain amount of work, which is the func- 
tion of the lespective organs Pharmacologic tests have been employed 
as a functional method in determinations of blood pressure, but the 
drugs used — epinephrine hy drochloi ide, caffeine, etc — act on the 
involuntary nervous system, and are not a reliable means foi judging 
the function of organs, since the mvoluntaiy nervous system often 
responds with a twofold reaction (Barath 5 ) More reliable func- 
tional methods, therefoie, must be obtained I have found that my 
“labor test” and “pscychic test,” as established m previous papeis , 6 are 
reliable for this purpose 

LABOR TEST OF BLOOD PRESSURE 

It is well known that phj sical work is accompanied by a slight eleva- 
tion of the blood pressure, which is of short duration, and often gives 
place to a slight decrease ot the blood pressure The elevation of the 
blood pressure and its duration can piovide useful information legard- 
mg the state of the circulatory system, as shown by the investigations of 
Schrumpf 7 In cases of circulatory incompetence, he found that eleva- 
tion of the blood pressure, associated with an increase m the pulse rate, 
occurs for a long penod of time I obseived later, m several patients, 
m whom there were no signs of circulatory insufficiency, a longer dura- 
tion of the elevation of blood pressure after work without a persistent 
tachycardia The explanation of this observation may be that in these 
cases the regulating mechanism of the blood piessure system is dimin- 
ished m other words, the regulating system has lost the power of com- 
pensating the hypertension caused by labor within a definite period 
Apparently, the hypertension due to labor remains at a higher level 
much longer than it does undei normal conditions 

In considering these preliminary experiments, I found the basis of 
the labor test, which is carried out as follows The blood pressure of 
the patient is measured in the early morning hours, before breakfast, m 
a period of absolute rest Then he is allowed to walk up two flights 

5 Barath, E On the Amphotropic Effects of Drugs upon the Vegetative 
Nervous System, Am J M Sc 172 107 (July) 1926 

6 Barath, E Arterial Hypertension and Physical Work, Arch Int Med, 
to be published 

7 Schrumpf, P Klmische Herzdiagnostik, Berlin, Julius Springer, 1919 
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of stairs at a slow pace — in from two to three minutes '] he blood 
pressure is measured immediately after his walk upstairs and then even 
half minute for fiom ten to fifteen minutes The data obtained aie 
registered in a curve The experiment is repeated some da)s latci 
under the same circumstances Three curves of normal }oung persons 
are recoided in chart 1 

Usually the elevation of the blood pressure is of short duration , the 
hypertension due to labor usually vanes from 15 to 26 mm (accoidmg 
to the Riva-Rocci sphygmomanometer), and lasts usually fiom two to 
three minutes It is regularly followed by a slight decrease to below the 
noimal pressure 
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Chart 1 — Blood pressure curves of three normal young persons after Iafnr 
test 


1 believe that determination of the blood pressure curves after the 
patient has perfoimed physical work gives a reliable method for testing 
the function of the regulating mechanism of the blood pressure 

PSYCHIC REACTION OF I HE BLOOD PRESSURE 

Psychic excitement often produces an elevation of blood pressuie, as 
the experiments of numerous authors have demonstrated 7. he increase 
in the blood pressure varies from 10 to 40 mm , according to the 
intensity of the excitement The important role of psychic factors in 
the pathogenesis of arterial hypei tension, therefore, must be taken into 
consideration Emotions of long duration may often cause a more or 
less permanent elevation of the blood pressure level, as described in 
various papers dealing with the hypertension 

The simple test I have worked out for the determination of the 
psychic reaction of the blood'pressure is as follows In the early morn- 
ing hours, repeated measuiements are made of the hlood pressure while 
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the patient is kept m complete physical and psychic rest Then he is told 
that he is going to leceive an intravenous injection which will be a little 
painful A slight elevation of the blood pressuie usually follows this 
declaration 

We give then 1 cc physiologic sodium chlonde solution intra- 
venously, m consequence of which the blood piessuie increases rapidly, 
the highest level is reached just after the injection (within two minutes), 
and then theie is a slight but lapid decrease In normal persons, the 
elevation of the blood pressuie amounts to fiom 8 to 15 mm, as mea- 
sured by the Riva-Rocci sphygmomanometei Thiee curves of normal 
young persons are presented in chart 2 

The form of these curves is subject to many variations, depending on 
the excitability of the patient, hence, they must be mtei preted with gieat 
caution In pathologic conditions, however, they may be of great diag- 
nostic value 



Vi i' vk z' y 

Chart 2 — Blood pressure curves of three normal young persons after psychic 
test 


PRESENILE FLUCTUATION OT BLOOD PRESSURE 
The systolic pressure of persons, aged fiom 45 to 55, m my countiv 
is usually from 110 to 140 mm, as detei mined by the Riva-Rocci 
sphygmomanometer in a large series of cases These values were 
recorded m the early morning They must be regaided as a little 
elevated, the normal values m young persons being somewhat less 
(usually about 100 mm ) A sti iking diurnal fluctuation of the blood 
pressure often occurs m the presenile period A comparison of the 
blood pressure measuiements made early m the morning and with those 
made during the day or evening shows the changes illustrated m chart 3 
This inconstancy of the blood piessure is similar to that found in the 
patients suffering from essential hypertension who were descnbed m 
the papeis of Fahrenkamp 2 and Kylin 8 The majority of jny patients 


8 Kjlin, E Die Hypertomekrankheiten, Berlin, Julius Springer, 1926 
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however, apparent!)' were healthy Only a few of them had the symp- 
toms described by Wenckebach in his lepoit on the “50 years old man” 
— headache, dizziness, piecoidial uneasiness, palpitation, etc 

It has been a common obseivation in the roentgen-iay examination 
in my patients, that the majonty of elderly men have a distinct cnlaigc- 
ment of the aorta, often without any sign of cardiac distui bailee In 
some cases, however, the foregoing slight symptoms were piobably 
caused by aoitic alteiations, especially in persons who had worked 
excessively or had led a hurried, worried life 

LABOR TEST IN PATIENTS OF PRESENILE AGE 

The most important disturbance in the regulation of blood piessure 
can be detected by means of the new methods described pieviously 



Chart 3 — Comparison of blood pressure measurements made in early morning 
with those made during the day or evening 

These tests show that the fluctuation of the blood piessuie in elderly 
persons is caused chiefly by a diminished compensating power of the 
legulating mechanism In this way, the otherwise transitoiy elevations 
may become permanent 

Deteimmations of blood piessure curves after work has been per- 
foimed show lemaikable differences in elderly and in young persons 
This is pictured in the cuives of older persons in chart 4 and in the 
normal curves of young persons in chart 1 

In examining the thiee cuives m chait 4, one finds that the first 
difference is in the descending poition of the cuives The duiation of 
the elevation of the blood pressure is much longer than it is in younger 
persons, so that the blood piessuie leaches its foimei level latei The 
descending poition of the curves is elongated Contrai*) to observations 
in the leaction type of young peisons, the elevation of the blood pressure 
is not only of longei duiation but also much Inghei The mciease of the 
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blood pressure is between 30 and 60 mm , as determined by the Riva- 
Rocci sphygmomanometer, and it lasts longer than from thiee to five 
minutes Moieover, subnoimal pressure was not found after the 
elevation as it is in younger persons Latent disturbance of the regulat- 
ing mechanism of the blood piessure thus becomes evident as a result 



■V 3' H' 5' 6' V S' 5' W 

Chart 4— Blood pressure curves of elderly persons after labor test 



Vl' t 4Vt' i 1 

Chart 5 — Blood pressure curves of elderly persons after psychic test 

of the labor test The compensating powers, which m young persons 
cause the transitory elevation of the blood pressuie to return rapidly to 
the noimal level, aie deficient in the presenile penod, they act slowly 
and late This behavior of the blood pressure curves is an important 
sign of beginning disturbances of the legulatmg mechanism 
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PSYCHIC TEST IX PATIENTS OT PRESEMLE nGI 

Conclusions similar to those drawn from the curves obtained m labor 
tests may be reached m an examination of the curves obtained aftei 
psychic excitement The results in chart 5 should be compared with 
those in chart 2 

Again one notices a difference m the intensity' and duration of the 
elevation of the blood pressure The elevation may' be as high as from 
35 to 40 mm , as measured by' the Riva-Rocci sphgmomanometer, and 
disappears later than it does in young persons Moreover, the curve 4 ' 
may become flat and plateau-like These curves show, m addition, the 
deficient compensating power of the regulating mechanism This can 
be regarded also as an initial sign of an inclination to hypertension in 
elderly persons 

In some cases I have observed that the labor test brought out a latent 
disturbance of the regulating mechanism, while the psychic reaction was 
of normal type By' means of these methods, it may be possible to 
separate various types of disturbances of the blood pressure, one of 
which may' be due purely' to psy'chic disorder 

CONCLUSIONS 

The blood pressure in persons of presenile age is fluctuating and has 
a tendency' to rise intensively after various irritations The regulating 
mechanism of blood pressure is becoming insufficient Hypertension 
after the performance of work or after psychic excitement is of a 
markedly' longer duration in older than in younger persons, and diminu- 
tion in the elevation of the blood pressure follow's slowdy In this 
respect the behauor of elderly persons is similar to that of persons 
suffering from arterial hypertension 

The psychic test gives valuable evidence of the important role of 
psy'chic factors in the pathogenesis of arterial hy pertension The begin- 
ning mcompetency' of the regulating apparatus gives the basis for the 
eventual persistence of temporary' elevations of blood pressure, which 
are otherwise rapidly' compensated for by' a w r ell working regulating 
mechanism 

Usually', labor and psy'chic tests gne the same results, but dis- 
crepancies sometimes occur 



THE VALUE OF THE DIAZO TEST ON BLOOD * 

S MILTON RABSON, MD 

AND 

r 

LILLIAN JACOBS, AB 

NEW YORK 

This paper is a lepoit of a study of the blood diazo test and of the 
conclusions deduced Blotnei and Fitz, 1 the first workers m this country, 
reviewed the papers of Andrewes 2 and Hewitt 3 of England, of 
Becher 4 of Germany and of Rabmowitch 5 of Canada Their work and 
the recent publication of the studies of Patch and Rabmowitch 6 have 
been reviewed by us 

Andrewes, 2 while perfoimmg the van den Bergh test for bilirubin 
in the blood, noted a deviation from the normal color He then added 
alkali to the end-product and obtained a pink coloration instead of the 
green of azobilnubin, this occuried only m persons with markedly 
damaged kidneys He also found a blood bilnubm less than normal in 
amount m the same patients Van den Bergh 7 recognized a hypobih- 
rubmemia m chronic nephritis Beth, 7 another German worker, differ- 
entiated malignant nephiosclerosis fiom chronic nephritis by the hyper- 
bilu ubmemia piesent in the former, as contrasted with the low level of 
bilirubin in the lattei Andiewes found the diazo test positive only in 
those pel sons having at least 220 mg of urea (103 mg uiea mtiogen) 
per hundied cubic centimeters of blood He waited twenty-four hours 
aftei blood was withdrawn befoie performing the test This procedure, 
m our opinion, pei nutted the disintegration of the small amount of 
bilirubin piesent which might interfere with the test 

From the Biochemical Laboratories of the Lebanon Hospital, New York 

1 Blotner, H , and Fitz, R The Diazo Test in Nephritis, J A M A 88 
985 (March 26) 1927 

2 Andrewes C H An Unexplained Diazo — Color Reaction in Uremic Sera, 
Lancet 1 590 (March 22) 1924 

3 Hewitt, L F The Diazo Reaction m Uremic Sera, Biochem J 19 VI 
(Feb) 1925 

4 Becher, E Die Diazo und Urochromogenreaktion m Blutfiltrat bei Nieren- 
msufficienz, lhre Erklarung und klimsche Bedeutung, Deutsches Arch f khn Med 
148 10 (July) 1925 

5 Rabmowitch, I M Observations on the Value of the Diazo-Color Reac- 
tion in the Differential Diagnosis of Uremia, Canad M A J 15 725 (July) 1925 

6 Patch, F S and Rabmowitch, I M Urea and Creatinine Contents of 
the Blood in Renal Disease A Statistical Analysis of Five Thousand Observa- 
tions, J A M A 90 1092 (April 7) 1928 

7 Quoted bv Andrewes (footnote 2) 
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Hewitt 3 improved Andrewes’ technic m that he heated the reaction 
mixture instead of waiting twenty-four hours The heat probably 
destroyed the bilirubin present In his series of cases, the diazo test was 
positive when the urea averaged 366 mg (170 mg urea nitrogen) pei 
hundred cubic centimeters of blood 

Finally, Rabmowitch 5 added to the work by noting the accompanying 
creatinine A positive diazo test was obtained in cases m which the urea 
nitrogen was as low as 71 mg and the creatinine 3 84 mg per hundred 
cubic centimeters of blood He concluded that a positive reaction was 

Table 2 — Cases in Which Theie Appealed, Clinical Signs of Uicnua oi High 
Blood Nitiogen Values oi Both, with a Negative Diazo Test 


Urea Non- 






Nitro 

protein 

Creat- 


Name 

Sex* 

Age 

Clinical Diagnosis 

gen 

Nitrogen 

inine 

Comment 

1 s C 

c? 

65 

Hypertrophy of prostate 

72 

73 

108 

125 

60 

4 6 

Alive 

2 S D 

3 

71 

Hypertrophy of prostate, 
acute uremia, 
bronchopneumonia 

80 

100 

24 

Died 

3 I K 

3 

43 

Nephrolithiasis 

43 

85 

67 

Alive 

4 M R 

3 

69 

Hypertension, chrome ne 
phntis, acute uremia 

51 

68 

33 

Died 

5 P L 

9 

70 

Acute nephritis, acute 
uremia 

98 

125 

24 

Died in coma 

G A I 

$ 

27 

Lobar pneumonia 

58 

89 

22 

Alive 

7 P T 

o’ 

84 

Ileus, acute uremia 

66 

97 


Died in coma 

SIS 

3 

20 

Streptococcus hemolyticus 
septicemia 

43 

73 

38 

Died 

9 M W 

3 

61 

Uremia cardiac decompcn 
sation 

GO 

86 

27 

Died in coma 

10 H S 

9 

27 

Bichloride poisoning 

72 

110 

79 

Died 

11 A H 

0 

57 

Diabetes mellitus, chronic 
nephritis, uremia 

140 

170 

46 

Died in coma 

12 R A 

9 

9 

Acute nephritis, acute 
uremia 


40 

18 

Alive 

13 P L 

9 

55 

Chronic nephritis, acute 
uremia 

49 

76 

15 

Died in coma 

14 M R 

3 

3S 

Bronchopneumonia, chronic 
nephritis, uremia 

157 

200 

60 

Died 


* In this column, <3 indicates male, $, female 

seen m patients with definite uremia, and that it was not always associated 
with a fatal termination (one case) It was also thought that the test 
might be of greater prognostic significance m chronic nephritis than the 
determination of the blood creatinine values 

In a series of cases reported by Blotner and Fitz, 1 no case m which 
the urea nitrogen was below 28 mg per hundred cubic centimeter of 
blood showed a positive diazo test They believed a positive reaction to 
be of grave significance, as twenty-eight of their thirty-six patients had 
died within one year According to them, the test was valuable m the 
differentiation of uremic coma from coma of other origin 

In the present stud), the diazo test was performed in the manner 
described by Hewitt plasma being used chiefly The test was performed 
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as a routine on 415 consecutive blood specimens collected in the wards of 
the Lebanon Hospital, and then in 40 more selected cases m which clinical 
observations or chemical examination of the blood indicated severe 
damage to the kidney 

In all, seven patients gave a positive diazo reaction of the blood Of 
these, four are now living, and their general condition has improved 
The positive reaction seemed to follow the level of creatinine rather 
than that of the other nitrogenous components of the blood Contran 
to the observations of some of the other workers, 0 a positive reaction was 
obtained m specimens having a creatinine value as low as 1 8 mg per 
hundred cubic centimeters of blood Unlike these workers w r e have 
found the test negative on samples of blood containing more than 3 mg 
of creatinine per hundred cubic centimeters of blood The highest 
creatinine figure with a negative diazo test w r as 7 9 mg per hundred cubic 
centimeters 

A study of table 2 warrants the statement that the diazo test is not 
always positive m cases in which there are clinical and laboratory signs 
of uremia This holds true even of patients m uremic coma, and does 
not support the view that the positive diazo test is a means of differen- 
tiating uremic coma from coma of other origin 1 

The claim has been advanced that the diazo test is not positive in 
cases of nitrogen retention due to obstruction of the kidney In case 7 
in table 1 (patient J C ), there w r as a positive reaction which became 
negative on relief of the obstruction, even though the nitrogen values 
remained high 

SUMMARY 

1 Seven cases showed a positive diazo test Four of these patients 
are now living and their general condition has improved 

2 The diazo test is not positive m all cases showing coma or other 
evidence of a severely damaged kidney 

3 The positive diazo test does not always differentiate uremic coma 
from coma of other origin 

4 No definite creatinine value can be established as the point at 
uduch the positive diazo reaction appears 

5 The determination of the amount of creatinine present is of 
greater value than is the diazo test in estimating the extent of damage 
to the kidney' 

6 The diazo test ma; be positive in cases m w'hich there is obstruc- 
tion of the kidney' 

7 If the diazo test is to be performed it should be done as a routine 
regardless of clinical signs or blood nitrogen values on the blood of 
patients whose kidneys are believed to be damaged 



FUNCTIONAL INSUFFICIENCY OF THE SUPRARENAL 

GLANDS * 

C A MILLS, MD 

PEKING, CHINA 

Since the description by Addison, m 1855, of the disease that beais 
his name, many ai tides have been written on dysfunction of the supra- 
lenal glands, and many cases have been repoited that have shown 
the picture of insufficiency of these glands as descnbed by him 
Most of the autopsies reported have shown destiuction of the supra- 
lenal tissue by tuberculosis, tumoi, hemoirliage, acute infection, thiom- 
bosis or some othei direct-acting agency Investigatoi s have also 
described an enlaigement, loss of pigment and disappeaiance of the 
medulla of the gland in wasting diseases, particulaily m diseases due 
to inanition and dietary deficiencies (vitamins) It is not necessary to 
leview the mass of hteratuie m detail, since it is summarized m the 
ai tides hei e cited 1 

The purpose in this article is to point out a type of supraienal insuf- 
ficiency frequently seen in certain regions, which seems to be associated 
with definite climatic factors, and which responds well to the adminis- 
tration of epinephrine oially I wish also to point out the close similarit) 
of the symptoms and obseivations in several of these cases to those in 
peptic ulcei, chronic appendicitis and tuberculous enteritis and to 
emphasize the unpoitance of considering dysfunction of the suprarenal 
glands in the differential diagnosis of such disturbances of the gastro- 
intestinal tract 

Natives of the coolei portions of the temperate zone who take up 
lesidence in the tropics frequently become subject to distui bailees of the 
gastio-intestinal tract and to a geneial loss of vitality and vigor which 
senously impair then usefulness and necessitate frequent and expensive 
home leaves for recuperation These disturbances often occur during 
the first year of lesidence m the tropics, but they may not appear foi 
seveial years The pnncipal gastro-mtestmal symptoms aie a tendency 
to diarrhea (in most cases without the piesence of pathogenic organisms 
m the stools), achlorhydria or hypochloi hydria with impaired digestion 
and hvpermotihty of the whole tract Spasticity of the cardiac, pylonc 
or ileocecal sphmctei is often present These disturbances are usually 

'■'From the Department of Medicine, Peking Union Medical College 

1 Reisman, David Oxford Medicine, London, Oxford University Press, 
1921, vol 3 p 783 McCarrison, Robert Studies m Deficiency Disease, London 
Oxford University Press, 1921 BiedI, Arthur Internal Secretory Organs, New 
York, William Wood S. Co 1913 
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accompanied by a fall m blood pressure, anemia, loss in weight and pi o- 
gressive weakness and lassitude Tropical sprue is probably onl> an 
exaggeiation of this condition Vascular hypotension and loweied basal 
metabolism have been observed in many tropical and subtiopical coun- 
tnes, but so far no one has found an explanation foi the condition 
Dietary differences have been suggested as the cause of these changes 
but foreigners m the tropics eat much the same lands of food as they do 
m their home lands In New Oi leans it was found that, although the 
basal metabolic rate is subnormal, the aveiage caloric intake is about 
the same as in cooler latitudes 2 

Northern China, Koiea and Japan are far removed from the tropics, 
and yet the same body disturbances as occur in foieigners in the tiopics 
are met with here to an almost equal extent The native people of North- 
ern China also show the same subnoimal metabolism and hypotension as 
are seen in both foieigners and natives living m the tropics Tung 3 has 
shown that Americans coming to Peking and Chinese students returning 
after seveial years m America, all exhibit a definite drop in both systolic 
and diastolic blood pressure aftei a few years of lesidence m this coun- 
try This observation of tropical effects so far north has led to much 
speculation concerning the cause The mean yearly temperatuie m 
China is practically the same as that of similar latitudes m the United 
States, where few such distuibances are seen The most sti iking 
lesemblance of this climate to that of the tropics is the occuirence of the 
rainy season during the period of most intense summer heat At one 
time in July, 1927, the tempeiature was 114 F m the shade, with a 
relative humidity of 92 per cent 1 

The accompanying charts showing the mean monthly tempeiatuie 
and relative humidity m Peking for seveial years were prepared by 
Dr H Necheles from data published in the Peking Union Medical 
College Weekly Bulletin The third chart, showing the aveiage monthly 
lamfall in Peking and Shanghai from 1900 to 1917, was prepared by 
Di A M Dunlap and published in the aforementioned bulletin, May 6, 
1924 From these three charts, it is seen that June and July aie the two 
warmest months and that the relative humidity and lamfall show shaip 
maxima coinciding with the maximum heat During this period of 
intense heat and high humidity, the heavy lamfall affords little relief 
from the oppiession There is also little difference m the day and night 
tempei atures, so that cooling of the body remains difficult at all times 
foi a penod of about six weeks This same type of lamy season during 
the summer is met with throughout Northern China, Korea and Japan 

2 Borgstrom, P Am J Physiol 79 221, 229, 237, 242 and 245, 1926 

3 Tung, C L Relative Hypertension of Foreigners in China, Arch Int 
Med 40 153 (Aug ) 1927 , Chinese J Physiol , 1928, vol 2 
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I believe this yearly period of simultaneous high heat and high 
humidity to be the factor responsible for the disturbances of body func- 
tion seen in the tropics and in those other regions having the rainy 
season during midsummer In a surprising number of instances, the 
first history of body disturbance dates from this season, often from the 
first period of this kind encountered by the patient if he is a foreigner 
I am, of course, excluding from consideration those parasitic and 
bacterial diseases so frequent in the tiopics That they may be eradi- 
cated by proper hygienic precautions was strikingly illustrated in the 
Panama Canal Zone by Gorgas It is recognized by many who are 
familiar with tropical conditions that, even with all such parasitic dis- 
eases excluded, there still will exist functional disability of such 



Chart 1 — Chart showing the mean monthly temperature in Peking from 1922 
to 1925 


fiequency and severity as seriously to impaii the efficiency of workeis 
theie It is this distui bailee that I believe is caused by the hot, hunnd 
season when cooling of the body becomes extremely difficult 

The level of the production of heat undei basal conditions seems 
definitely associated with the function of the thyroid gland, but above 
this level, the suprarenal glands appear to be responsible for the stimula- 
tion of the production of heat It has been demonstrated 4 that secretion 
of epinephrine increases in animals as the bodily activity or loss of heat 
is increased, while Boothby and Sandiford 5 showed that the injection 
of epinephrine caused a maiked mciease m the production of heat 

4 Cannon, W B Am J Physiol 79 466, 1926 Hartman, F A , and 
Hartman, W B Ibid 65 612, 1923 

5 Boothbi , Walter M, and Sandiford, Irene Am J Physiol 66 93, 1923 
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Sundstroem 0 has shown that rats produce considerably less heat when 
kept m hot, moist air than under ordinary conditions, and that this 
depression is greatest when the air is not m motion Cramer 6 7 found 
marked changes m the suprarenals in mice kept m a temperature of from 
37 to 38 C for several days, the principal change being a loss of the 
characteristic lipoid from the cortex, which he interpreted as evidence 
of inhibition of function It seems, therefore, that the difficulty of 
keeping cool m the hot humid season, wherever it occurs with sufficient 
intensity, serves to cause a marked suppression of suprarenal function, 
with the result that diarrhea and other disturbances of the gastrointes- 
tinal tract appear on slight provocation From the histories of the cases 



Chart 2 — Chart showing the monthly mean of the relative humidity m Peking 
from 1922 to 1925 

herein reported it would seem that this suprarenal depression is often 
so severe that function is not regained spontaneous!} , but may be brought 
about through a course of epinephrine therapy 

During the four months that have elapsed since I began this stud) , 
about fort} 7 cases of apparent suprarenal insufficiency have been encoun- 
tered A few of these were lost track of before definite results could be 
obtained At present the number of such cases seen each week is rapidly 
increasing as various manifestations become more familiar As time 
passes, the impression grows stronger and stronger that this condition 

6 Sundstroem, E S J Biol Chem 63 \h (proceedings) 1925, Pinsiol 
Rex 7 320, 1927 

7 Cramer, W Brit J Exper Path 7 88 and 95, 1926 
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is probably responsible foi a gieat amount of the ill health m legions 
m which the maxima of heat and moisture coincide Nor is it a dis- 
ease peculiar to foieigners in these regions, since many of my patients 
are Chinese Interestingly enough, all my patients have been adults, 
which agrees with the observations of Sundstioem that the depressing 
effect of moist heat (on rats) was evident only in adult life Aballi, 8 
howevei, has described two cases in patients 2 da}s and 5 months old, 
respectively, which occurred m Cuba 



Chart 3 — Chart showing the average monthff rainfall in Peking and Shanghai 
from 1900 to 1917 


I have not had an opportunity to deteimme how many infants and 
clnldi en with summer gastro-mtestmal disturbances, seen m all countries 
would be benefited by epinephrine therapy 

I shall piesent the histories of a few of the more typical cases in 
some detail, and bneflv summarize the remainder in order to conserve 
space 


8 Aballi, A Rev med cnbana 33 IS 1922 
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REPORT Or CASES 

Case 1 (Hosp no 18864) — IListoiy — A Chinese -woman, aged 25, married, 
was admitted to the hospital on Dec 31, 1927 In January, 1927, her first and only' 
pregnancy terminated in normal labor The child was breast fed, the mother was 
strong and healthy In June, she began to feel ill, complaining of a hot sensation 
in the chest and a dull aching in both lumbar regions In August, she began to 
notice swelling of the feet, which gradually included the legs, abdomen and 
finally the face (m October) Fever and chilliness were present for the first two 
weeks, and the output of urine was markedly diminished The movement of the 
bowels was irregular, sometimes there were four or five watery movements a 
day and again only one movement m from two to three days In August, the 
child died of “cholera” — severe diarrhea The patient’s condition grew worse until 
October, when there was edema of the whole body, marked loss of appetite, general 
malaise and weakness After October the swelling gradually subsided, but 
epigastric discomfort, vomiting and irregularity of bowel movements became worse 
Two weeks before admission to the hospital, she again became feverish and 
noticed dyspnea and palpitation of the heart 

The past history was irrelevant except regarding menstruation This began 
at the age of 17, the period being forty ± days apart and accompanied by con- 
siderable pelvic pain The patient had not menstruated since childbirth m 
January, 1927 

Physical Examination — The principal points shown by the examination were 
marked emaciation, dry, loose and scaly skm, edema of the feet and legs 
abdomen somewhat doughy to palpation, lungs and heart normal and a blood 
pressure of systolic 76 and diastolic 50 The urine contained a trace of albumin 
but no casts The phthalein output was normal The blood showed moderate 
anemia (3,300,000 erythrocytes and 70 per cent hemoglobin) X-ray and 
fluoroscopic examination of the chest and gastro-intestinal tract did not show 
any abnormalities Gastric analysis with an Ewald test meal demonstrated achlor- 
hydria both before and after the intake of food and freedom from lactic acid \ 
dextrose tolerance test, using 100 Gm of dextrose orally, gave the following 
readings for the blood sugar fasting, 95 5 mg per hundred cubic centimeters 
half an hour after the administration of dextrose, 125 mg , one and a half hours 
after, 111 mg, and three hours after, 100 mg The stools did not contain parasites 
or ova The Wassermann test of the blood, the Widal and the Weil-Fehx tests 
were negative The basal metabolic rate was minus 9 per cent (Tissot apparatus) 

Ticatnient and Cow sc — During the first ten days in the hospital, the patient 
lost 6 pounds (2 7 Kg ) in weight, and appeared to have a grave prognosis She 
was extremely weak, with poor appetite, and had a continuous dull pain m the 
loins The edema disappeared during this time, which probably accounts for much 
of the loss m weight She was then given 1 mg of epinephrine orally before each 
meal The pain in the lumbar region ceased within a day, the appetite improved 
and the patient gained 9 pounds (4 1 Kg ) during the next week The administra- 
tion of epinephrine was then discontinued for the purpose of studv, the pain in 
the lumbar region recurred for one day, and the patient lost 3 pounds (1 4 Kg ) 
during the succeeding three days During the next three weeks, when she was 
not given any medication, she slowly gained 2 pounds (0 9 Kg ) and felt fairly 
well Epinephrine was then again given, 1 mg daily before breakfast, and she 
gained 4 pounds (18 Kg) during the succeeding week The patient is still 
under observation The blood pressure has risen from 76 systolic and 50 diastolic 
to 94 systolic and 68 diastolic 
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I present this case m detail because it is so clearcut and striking 
The history of asthenia, emaciation, and pam in the lumbar region, the 
disturbances of the gastro-intestmal tract, achlorhydria, vascular hypo- 
tension, high degree of dextrose tolerance and the marked response to 
epinephrine combine to give a clearcut picture of suprarenal insufficiency 
Tuberculous enteutis or peritonitis was suspected on admission but 
supporting evidence \\ as not obtained 

Case. 2 (Hosp no 18,922) — History — A Chinese man, a student, aged 24, was 
admitted to the hospital on Dec 19, 1927, complaining of diarrhea since Ma\, 
1927, with great weakness and loss m weight He came as a student from Shansi 
to Peking three jears previous to the time of admission Each summer during 
his stay in Peking he had had severe diarrhea, with bloody and mucous stools 
The blood and mucus disappeared each time after about ten days, but since the 
attack in Maj, the bow»el mo\ements had continued from three to four times a 
da} , they v'ere waterv , but w r ere not accompanied by pam He had had occasional 
attacks of nausea without vomiting Ten da\s before admission, he began to 
cough and expectorate a whitish sputum There w»as no fever The appetite was 
entirel} gone, and the patient was too w'eak to stand alone 

Physical Examination — Marked pallor and emaciation, with pitting edema of 
the feet, were present The abdomen w'as full, tense and doughy The lungs 
and heart were normal The blood pressure w r as 92 systolic and 50 diastolic The 
urine showed a faint trace of albumin There w'ere 3,000,000 red cells with 50 per 
cent hemoglobin The number of white blood cells was normal X-ray examination 
showed that the chest was normal X-ray and fluoroscopic examination of the 
gastro-intestmal tract showed retention in the stomach and retention and dilatation 
in the ileum suggesting adhesive peritonitis (tuberculous 7 ) The results of 
examinations of the stool, the Wassermann, Widal and Weil-Felix tests w T ere all 
negative The clinical impression was that the patient had tuberculous enteritis 
or peritonitis or both 

The course of the patient w^as rapidly downhill, he had fever, dehydration 
and diarrhea He died on the sixth day after admission 

Autopsy — Autopsy, performed by Dr J R Cash, show’ed some evidence of 
bronchopneumonia of recent date and marked atrophy of the viscera, especially of 
the heart and liver, but tbe suprarenal glands were slightly enlarged and softer 
than normal On section, the cortex appeared pale, yellowush gray and w r as some- 
what translucent Near the edges of the suprarenals, the medulla was represented 
by a thin brown line to wdnch the opposing layers of cortex were adherent In 
the central portion of the glands, the medulla had become softened in large areas 
Sections made midway between the center and the poles of the glands revealed 
the medulla to be thick, pale gray and showing a thm line of softening next to 
the cortex There was no evidence of tuberculosis anywhere in the body The 
peritoneum w-as normal, as w f as also the gastro-intestmal tract, except for atropln 
No local cause could be found for the diarrhea 

The principal value of this case is m the repoi t on the autopsy The 
clinical and x-ray impressions were that tuberculous enteritis or 
peritonitis was the cause of death, although on looking back, the similar- 
ity to semiacute suprarenal insufficienc) can be seen The patient was 
not seen b\ me The lack of ant pathologic changes to account for the 
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patient’s condition, other than those in the suprarenal glands, seems to 
justify the diagnosis of suprarenal insufficiency with a terminal broncho- 
pneumonia 

Casc 3 (Hosp no 19,133) — Histoiy — A Chinese girl, aged IS, was admitted 
to the hospital on Jan 12, 1928, complaining of irregularity of menstruation, with 
profuse and prolonged bleeding Menstruation began in March, 1925 There 
were four periods in 1926 and one in Maj, 1927 The last one began about 
December 15 and w'as still continuing at the time of admission Except for the 
last period, the duration w'as about a week, with profuse, bleeding but without 
pelvic or abdominal pain 

About turn months before admission, the patient noticed some pallor Since 
December 15, she had been w'eak and for the last ten dajs had been troubled with 
dizziness and loss of appetite and w'eight There was no history of other bleeding 
or ailments, except constipation for several months previouslv She came from 
Hunan to Peking in 1925 

Physical Examination — Rather marked pallor, slight emaciation, a sott blow- 
ing systolic murmur heard over the W'hole heart, and a blood pressure of 94 
systolic and 60 diastolic w r ere present The red blood cells numbered 2,340,000 
with 35 per cent hemoglobin The white cell count was normal Urinal} ses 
revealed a normal urine X-ray examination of the chest showed the lungs clear 
and the heart 15 sq cm undersize 

Treatment and Coutse — On the basis of the menstrual histor}, hypotension 
and constipation, with negative physical observations, the diagnosis of suprarenal 
insufficiency w r as made, and epinephrine w'as given orally On January 16, the 
patient received 1 mg before each meal, which resulted m a marked lessening of 
the bleeding on that day and on the succeeding one On January 18, she began 
to receive 1 mg daily before breakfast On the next day, the bleeding complete!} 
ceased and did not recur during the patient’s stay m the hospital On Januar} 20, 
the red cell count had risen to 3,710,000, with 45 per cent hemoglobin The 
patient was discharged on January 22, to be followed in the outpatient department 

Case 4 (Hosp no 18,585) — Histoiy — A Chinese man, aged 37, w'as admitted 
to the hospital on Nov 12, 1927, complaining of epigastric pain for the past 
year One year previous to the time of admission, he attended a banquet and 
drank a great deal of wine An hour and a half later he became nauseated, had 
epigastric and abdominal pa in, and noticed profuse sweating and trembling The 
next morning a tarry stool w'as passed, and pallor of the face and lips w'as present 
In tw r o days, he became better, but he has since suffered from a dull pam m the 
right hypochondrium In September, this pam grew worse, culminating in another 
severe attack on November 7 There w r ere three spasms of pain during the da} , 
each lasting from five to fifteen minutes He became nauseated but did not -vomit 
The stools of the next three days were tarn 

Physical Examination —The results of the examination were normal, except 
for moderate obesity and the presence of small hemorrhoids The blood pressure 
w'as 102 systolic and 74 diastolic Gastric anal} sis before and after an Ewald 
test meal showed free acid of 58 and /9 Examination of the blood, urine 
and stool ga\e normal observations X-ray examination of the gastro-mtestinal 
tract did not show any abnormality, except some stasis m the low er part of the 
ileum 

Tiealment and Com sc — A tentatne diagnosis of duodenal ulcer w'as made b} 
the attending ptnsician but with the idea that the condition might be purel} a 
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functional disturbance, the administration of epinephrine, 1 mg twice daily, was 
begun on November 19 Up to this time the patient had been having a great 
deal of abdominal pain and was constipated Within two days after the adminis- 
tration of epinephrine was begun, the pain ceased, and the bowel movements were 
normal The epinephrine therapy was discontinued November 28, and when last 
seen December 16, the patient was still free from pain and was having normal 
bowel movements 

The clinical diagnosis of duodenal ulcer was plausible m this case, but 
as complete relief was obtained by the use of epinephrine, the condition 
must be considered functional lather than organic Acute spasm of the 
pylons must have occurred at the time of the attacks, causing congestion 
of the mucosa and hemorrhage 

Case 5 (Hosp no 19,162) — Histoiy — A Russian, aged 26, was admitted to 
the hospital for study on Jan 14, 1928, complaining of obstinate constipatior since 
October, 1924 He came to China from Siberia in 1923, and the next fall 
(October 1924) began to be constipated, although otherwise well The use of 
cathartics caused a great deal of pain m the right lower quadrant of the abdomen 
He complained of slight abdominal pain earlj each morning The results of 
physical and x-ray examinations were negative, except that some tenderness of 
the sigmoid colon was noted The blood pressure was 106 sj stolic and 66 diastolic 
The blood, urine and stools were normal A dextrose tolerance test, using 100 
Gm of dextrose, gave 95 5, 153 8, 133 3 and 80 mg per hundred cubic centimeters 
of dextrose, respectively, in samples of blood taken during fasting, and half an 
hour, one and a half hours and three hours later 

Ticatmcnt and Cow sc — The oral administration of 1 mg of epinephrine daily 
was begun on January 17, and spontaneous bowel movements started the next day 
The patient suffered from acute gastric distress ten minutes after taking the first 
dose of epinephrine, so the dosage was reduced to 0 6 mg daily Word was 
receiv ed from him on February 28 saj mg that he was normal in all respects, and 
that he had been without epinephrine for a period of three weeks 

The diagnosis in tins case was spastic constipation, beginning shortly after 
the patient’s first summer m China, and showing prompt relief following the use 
of epinephrine 

C \se 6 (Hosp no 878) — History — A Swiss man, aged 39, was first seen bv 
me on Sept 22, 1927 He had been in poor condition for ten years, suffering 
from constipation loss of weight, nervousness, indigestion and general lack of 
proper vitality Abdominal and epigastric pain readily followed indiscretions m 
food Physical examination did not show any abnormality, except the presence of 
hemorrhoids All the various laboratory procedures gave normal results 

Treatment and Cowse — On Sept 22, 1927, the patient began to take 1 cc 
of epinephrine (1 1 000) sublingually each day, with the following results On 
September 22, the weight was 67 3 Kg (1^8 pounds) and the blood pressure was 
115 sv stolic and 70 diastolic On September 30, he weighed 68 3 Kg (151 
pounds), and the blood pressure was 100 systolic and 62 diastolic On 
October 24, the weight was 709 Kg (156 pounds), and on December 6 
he weighed 72 Kg (159 pounds) The blood pressure wrns then 130 systolic 
and 80 diastolic, the patient felt well and was full of vitality The bowel 
movements had been regular and normal since the onset of epinephrine 
therapv On February 11, he was again seen, at which time he weighed 73 Kg 
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(161 pounds) and had a blood pressure of 124 systolic and 84 diastolic After the 
last preceding visit, December 6, the dosage of epinephrine was reduced gradualh 
to 4 drops daily, and finally on January 18 it was stopped completely Within 
three days, the patient began to be constipated and to ha\e a feeling of weakness 
and collapse He took 8 drops of epinephrine solution on January 22, and within 
a day was again feeling normal This daily dose was again gradually reduced 
and withdrawn on February 2 Up to the time of this visit, he had felt normal for 
nine days The advice given to him is that he abstain from the epinephrine, using 
it only temporarily m case of need 

The gam of 12 pounds (5 4 ICg ) in the weight of this patient and 
the general improvement under epmephnne theiapy were maiked Of 
special interest is the steady use in the diastolic blood pressuie to a 
noimal level 

Case 7 (Hosp no 17,923) — Histoiy — An American man, aged 46, was 
admitted to the hospital on Sept 4, 1927, complaining of severe epigastric and 
abdominal pain, constipation, weakness and loss in weight He came to China 
in April, 1927, landing at Shanghai, where he had had severe diarrhea for a period 
of four days, without blood or mucous in the stools, but with severe pain In 
June, he came to Peking and at once had a similar attack (fifteen bowel move- 
ments a day) On August 16, he had still another attack, which was acute and 
was accompanied by vomiting and severe gastric pain The diarrhea lasted only 
one day, after which constipation occurred, but the pain in the stomach peisisted 
On admission, he complained of substernal pain and a choking feeling after 
swallowing, of pain in the stomach which was present at all times but which was 
worse after meals, and of pam in the lower part of the abdomen accompanied by 
much gurgling He gave a history of a similar attack of diarrhea Avith vomiting 
and gastric pam in 1907 during a visit in Japan This attack had ceased spon- 
taneously a few wrecks after leaving Japan In 1923, ulcer of the stomach had 
been diagnosed in America because of the presence of gastric pain and pyloro- 
spasm 

Physical Examination — Results of examination revealed little except that the 
patient was an intensely nervous and thm person, with a blood pressure of 124 
systolic and 76 diastolic X-ray examination of the chest did not show any r 
abnormality, that of the gastro-intestmal tract showed only marked hypcrpen- 
stalsis of the stomach Visualization of the gallbladder by the Graham test was 
normal Observations on the blood and urine were normal, except for the presence 
of a low amount of sugar m the blood during fasting, 66 6 mg per hundred cubic 
centimeters All examinations of the stool gave normal results The blood pres- 
sure showed a tendency to marked decline during the late afternoon if the patient 
exerted himself much, and at such times severe occipital headache began 

Ticatmcnt and Cow sc — The diagnosis of suprarenal insufficiency^, with hyper- 
motility of the gastro-intestmal tract and spasticity of the sphincters was made, 
and 1 mg of epinephrine was given sublingually before breakfast each day, begin- 
ning on September 8 Within three days the painful peristalsis of the lower part 
of the abdomen had ceased, and after another two days the cardiospasm and 
epigastric discomfort were entirely r relieved, and the bowels were functioning 
normally After eight days of epinephrine therapv, the patient left the hospital 
and stopped the use of epinephrine Two weeks later, he returned with the former 
symptoms and again was completely relieved by the administration of epinephrine 
This time he took the drug for three or four weeks Six weeks later, Oct 19, 
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1927, he reported a gam in weight of 20 pounds (9 Kg ) and perfect function of 
the gastro-intestmal tract without epinephrine therapy He said that he felt better 
in general than he had ever felt before in his adult life He reported similarl} 
in January, 1928 

This case presents the typical picture of supraienal insufficiency with 
hypermotihty of the entire gastro-mtestmal tract and spasticity of the 
sphincters, and also a tendency to vascular hypotension on exertion 
instead of the lelative hypertension which effort should call forth The 
low amount of blood sugai and alternating diarrhea and constipation 
completed the picture The relation of the onset of this trouble to the 
patient’s arrival m the Orient is definite The latter part of April in 
Shanghai is warm and moist His worst attack in Peking occurred just 
at the end of the period of high temperatuie and humidity 

Case 8 (Hosp no 13,768) — History — An American woman, aged 36, came 
to China by way of Japan in July, 1927, having been in good health in America 
As she approached Japan, hot, humid weather was encountered, and she developed 
a moderate but continuous diarrhea and edema of the feet and ankles When 
she arrived m Peking m July, both the edema and diarrhea grew markedly worse 
There was some mucus but no blood in the stools Pathologic organisms were 
not found then or subsequently She felt tired and weak, and complained of 
cramplike pains in the abdomen There was some dull epigastric pain and dis- 
tention, and constant gurgling in the intestines There was no fever Physical 
examination then or later did not reveal any abnormalities In August, 1924, she 
had had an attack of giant urticaria following bathing and exposure to the 
sunlight 

The edema disappeared m the course of two months, the diarrhea improved 
to from three to four stools daily, and she felt rather normal Every few weeks 
exacerbations would occur, especially at the menstrual periods Another severe 
attack occurred in September, 1925, after a fatiguing trip into Mongolia during 
the hot weather 

The family history is interesting m that the father suffers from asthma, and 
the mother from angioneurotic edema, while the mother’s father died of Addison’s 
disease 

On March 11, 1925, gastric analysis revealed achlorhydria, the blood counts 
were normal and the blood pressure was 112 systolic and 70 diastolic On May 11, 
1926, the number of red cells had decreased from 5,200,000 to 4,550,000, and the 
blood pressure from 112 systolic and 70 diastolic to 94 systolic and 60 diastolic 
There was still complete achlorhydria The sigmoid colon was easily palpable 
and thickened There was marked peristalsis m the lower part of the abdomen 
X-rav examination of the chest and gastro-intestmal tract was negative The 
blood sugar during fasting at this time was 90 mg per hundred cubic centimeters 
On April 2, 1927, the red cell count had fallen to 4,000,000 per cubic millimeter 

Treatment and Com sc — In July, 1927, she had another severe attack of diar- 
rhea with frothy water}' stools She vomited once during this attack While the 
attack continued, she was given 0 3 cc of epinephrine (1 1,000) subcutaneously 
once a day for five da} s, and then 0 5 cc a day sublingually for two weeks The 
improvement was immediate and definite, the stools becoming fewer, and the 
patient feeling much better while the epinephrine was given and for several months 
thereafter 
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In this case, the direct relationship between the onset of trouble and 
contact with tropical summer weathei is again evident The h)per- 
penstalsis, diarrhea, epigastric discomfort, deciease m blood piessurc 
edema, achlorhydria and urticarial leaction all point to an insufficienc} 
of the supiarenal glands brought on by the tiopical heat 

Case 9 (Hosp no 19,023) — Htstoiy — A Chinese man, aged 60, was admitted 
to the hospital on Dec 30, 1927, complaining of inability to eat solid food for 
the previous six months In December, 1926, he had begun to notice some diffi- 
culty in swallowing solid food This had gradually become worse until Juh, 
since which time nothing solid had been taken There had been occasional 
regurgitation of food before July, and frequently during the last six months 
The material regurgitated was always in the same form as when eaten There 
was a sense of pressure under the sternum after eating, but no actual pain There 
was never blood in the vomitus or stools The appetite remained good, although 
there was marked loss in weight because of the limited intake of food The 
patient was constipated throughout this period 

Physical Examination — Examination revealed marked emaciation, arterio- 
sclerosis, a blood pressure of 100 systolic and 70 diastolic, and a moderateh 
enlarged spleen The observations on the blood and urine were normal A few 
entameba cysts and Ascai is eggs were found in the stools The Wassermann test 
of the blood was negative X-ray and fluoroscopic examinations showed delay of 
the barium at the cardia with dilatation and antiperistalsis There was no filling 
defect The cardia was seen to open and discharge barium from six to eight 
seconds after the patient swallowed, showing that opening was possible Eso- 
phagoscopy did not reveal any pathologic change or new growth, only spasm of 
the sphincter 

Tieatmcnt and Com sc — On the basis of the negative observations for organa 
lesion, and in view of the vascular hypotension and constipation, the patient was 
given 1 mg of epinephrine orally before each meal, beginning on January 4 He 
was put on a full diet on January 7, and did not experience further difficulty in 
swallowing The bowel movements became regular and normal two days after 
the medication was started 

In the table are summarized the principal featuies of all the cases 
so fat studied, including those piesented in detail in the preceding pages 
Certain points are apparent in a study of this series of cases 

1 The disturbance affects foieigneis m China much more than it 
does the Chinese Foieigners constitute almost half m this series, but 
m this hospital the total number of admissions of foreign and Chinese 
patients foi 1927 was m the latio of 1 5, so that foreigneis must be 
much moie susceptible to this distuibance than aie the Chinese 

2 Among the eighteen foreigners studied, the disturbance began in 
six of them less than one year aftei their coming to China In some of 
these, the relation of onset to ai rival in China was so definite that there 
could be little -doubt that the climatic change was responsible 

3 The time of onset of symptoms, when this could be definite!} 
established, was during the summer or fall 
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41 

4 years 

Indefi- 

nite 

18902 

Chinese 

M 

25 

Since 

birth 

Sum- 

mer 

15930 

American 

P 

37 

10 years 

Indefi- 

nite 

19285 

American 

M 

35 

8 years 

June 

19532 

Chinese 

F 

30 

Since 

birth 

Indefi- 

nite 

8204 

American 

M 

34 

1 y_ vears 

June 

19817 

Chinese 

M 

32 

Since 

birth 

May 

19803 

Russian 

F 

45 

2 months 



Principal 

Blood 

Result of 
Treatment 

Pres- 

V ilh 

Disturbances 

sure 

Epinephrine 

Diarrhea, constipation, 
epigastnc pam 

9S/G5 

Good effect 

Asthma lor 23 years’ 
standing 

9S/C6 

No effect 

Diarrhea, abdominal 
pain, loss m weight, 
anemia, achlorhydria 

91/CG 

Good effect 

Pylorospasm, vomiting, 
emaciation, constipa 

tion, hypochlorliydria 

82/64 

No report 

Constipation, abdominal 
pain, pylorospasm 

108/62 

Relief at once 

Abdominal pain, nausea, 
constipation, liypochlor- 
liydna 

Severe dysentery, diar- 
rhea persisted for 
weeks alter infection 
was gone 

90/62 

Relief in i few 
das 

Cessation of 
diarrhea at 
once 

Cardiospasm, heart fail- 
ure, arteriosclerosis 

104/58 

Doubtful 

Dull abdominal pain, 
hyperpenstalsis, some 

constipation, hypochlor 
hydrin 

115/72 

Prompt lelief 

Vomiting, weakness, py- 
lorospasm, constipation 

110/74 

No report 

Epigastric distress, lnves, 
urticaria, pigmented 
areas of shm 

SS/5G 

No report 

Indigestion, diarrhea, 

loss in weight and 
strength, constipation 

100/50 

No report 

Epigastric pam, vomit 
mg, pain in right iliac 
fossa, constipation 

78/30 

Prompt relief 

Diarrhea, discomfort in 
left upper quadrant 
Epigastric pam, constip i 
tion, undernourishment 
intestinal obstruction 

SO/ 40 

74/50 

Prompt relief 

Epigastnc pam, constipa 
tion, nausea, vomiting, 
emaciation, cough, weak 
ness, amenorrhea, 
achlorhydria 

90/50 

Prompt relief 
of symptoms 
and gain in 
weight 


4 Both sexes are about equally afflicted 

5 The principal symptoms complained of are diarihea or constipa- 
tion or both alternating, abdominal and epigastnc pam, nausea and 
some vomiting, weakness and loss of weight, pyloiospasm, caidiospasm 
and anemia Theie also occurred urticana, pigmentation of the skin, 
edema, menonhagia and marked vascular hypotension Both systolic 
and diastolic blood pressures are, m geneial, even consicleiabl) below 
the low values so commonly found m China The blood pressure of 
the foreigners of this series shows much gi eater deviations from the 
normal than does that of the Chinese 

6 In some of the cases, laboratoiy tests showed hypoglycemia and 
high tolerance for dextrose In most of the cases, there was eithei 
hypochlorhvdi la or achlorhydria In manv cases x-ray examination 
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ie\ealed spasm of the ileocecal sphmctei with stasis m the ileum and 
maiked dilation In such cases, there was usually some tenderness in 
that region 

COMMENT 

This series of cases might be enlarged by further delay in making 
this repoit, but I feel that the piesent number is sufficient to demonstrate 
the picture of insufficiency of the suprarenal glands The pnncipal 
lack, of course, is in the scaicity of autopsy reports This willj no doubt, 
lie remedied in time after attention has been directed to the suprarenal 
glands Another important feature of the study of this disturbance will 
be the obseivation of tieated patients during the coming summer and 
fall Will the} revert to their former state, and if they do, will 
epinephrine again benefit them' 1 Also, what changes m living habits 
might avert these climatic effects 13 What part does this functional dis- 
turbance play in accounting for the general changes in people of all races 
so characteristic of life in the tiopics and the Orient ? It will take time 
to answer these questions, and, since I am leturmng to America m June 
of this year, the present repoit is submitted m the hope that it will 
aid m the final solution of the laiger problem of climatic effect on man 
This is not a problem only of the tropics and the Orient, however, as it 
is likely to piesent itself anywhere m subtiopical lands where heat and 
humidity present coincidental and sustained maxima With the present 
intensive commercial development of such countries, it becomes 
important that a survey of them be made with this climatic effect m mind 

The piompt and beneficial action of epinephrine m almost all the 
cases in which it was tued thiows impoitant light on the nature of the 
disturbance This in itself is not, of course, direct proof that theie is 
supiarenal insufficiency It is stiongly suggestive that such is the case 
however, and becomes still more important when considered m the light 
of the type of disturbances present and the autopsy obseivations in the 
second case presented 

In most instances the epinephrine was given orally according to the 
following prescnption 

Gm or Cc 


If Solution of epinephrine hydrochloride 20 

Dextrose 30 

S\rup of citric acid 10 

Distilled water — sufficient to make 100 


5 cc to be given orallv half hour before meals 

I he use of dextrose is based on the observations m Germany 0 that 
it prevents oxidation of the epinephrine In a few instances epinephrine 

9 Unna P G Dermat Wchnschr 75 685 1922, abstr of Ars Medici, 
1922, vol 12 p 406, which contained a review of “Lehrbuch der Organotherapie” 
In Wagner \on Jaureg and Gustav Baver 
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solution (1 1,000) was given sublingual!} m from 0 5 to 1 cc dosage, 
and m two cases it was given subcutaneously Whether gn on accoid- 
mg to the foregoing prescription or sublingually, the effect seemed just 
as satisfactory as when it was injected , in fact, the oral administration 
seemed preferable m that it did not cause sestemic cardio\ascular or 
metabolic disturbances of any kind In two instances of h\ persuscepti- 
bilify to epinephrine, there was rather severe gastric pain from ten to 
twenty minutes after the dose of 5 cc had been swallowed The pam 
lasted about twenty minutes, and w'as not followed b} further unpleas- 
antness Smaller doses of 3 cc w'ere w r ell tolerated b> these two patients 
Many physicians doubt the effectiveness of epinephrine gnen orally, 
but the belief that such doubt is unfounded is growing among critical 
observers The principal point to bear m mind is that the effects of the 
drug given orally may be different from those following its use by injec- 
tion By the latter method of administration, one may cause a con- 
siderable rise m blood pressure, a quickening of the pulse rate, and a 
marked relaxation of normal or spastic smooth muscle in other parts of 
the body The blood sugar and consumption of oxygen are increased 
and blood clotting is quickened Great prostration may be produced 
by a slight overdosage When given orally, on the other hand, none of 
these reactions occur in normal animals or man In case too large a 
dose is given, there may be gastric pam for from ten to twenty minutes 
presumably from an intense vasocontrictive action on the gastric 
mucosa, but one sees none of the changes in the body that follow' injec- 
tion These facts were verified by Menmnger, 10 who used large doses 
(from 2 to 6 mg) mainly on patients with hyperthyroidism, who are 
usually most sensitive to epinephrine He fell into the common error, 
however, of stating that the drug is unsatisf actor}' for oral use, because 
it does not produce any effects m people with good suprarenal function 
He did not try it m a single case m which symptoms of suprarenal 
insufficiency were exhibited and m which effects would be more likely to 
be demonstrated A normal person taking epinephrine orally according 
to the prescription given is not aware of an} effects Onl} in patients 
exhibiting a hypermotility or spasticity of the smooth musculature of the 
bronchioles, gastro-mtestmal or gemto-urinary tract are prompt effects 
obtained In these cases, the inhibitor}' influence of the drug goes only 
so far as to reduce the motor function to a normal level Thus m either 
severe spastic constipation or watery diarrhea, the oral administration of 
epinephrine causes onl} a return to normal function 

It was this inabilit} to demonstrate such effects from epinephrine on 
laboratory animals that led Stewart 11 to attack the many clinical obsen a- 

10 Menmnger, W C Oral Administration of Epinephrine, Arch Int Med 
40*701 (Nov) 1927 

11 Stewart, G N Endocrinology 5 283, 1921 
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tions on suprarenal insufficiency The repl} of Sajous 12 to Stewart 
emphasizes the point that failure to demonstrate a condition or result in 
normal animals does not necessarily \ ltiate observations made on disease 
conditions m man That suprarenal insufficiency as a clinical entity does 
exist is practically be) ond doubt French writers 13 recognized the con- 
dition as existing to some extent among troops during trench warfare, 
and obtained good results by the use of epinephrine Many of the 
symptoms described by them were similar to those seen m my patients, 
except that diarrhea was not mentioned as a frequent occurrence The 
point I wish particularly to stress is that this interference with suprarenal 
function may be widespread m its occurrence, perhaps to be classed as 
a major cause of disease rather than as a rarity Future studies maj 
show that this effect of tropical heat is an important factor m determin- 
ing the physical and mental characteristics of races subjected to such 
climatic influences 

The conception of suprarenal function elaborated by Cannon 14 that 
these glands fulfil emergenc) needs by quickly secreting epinephrine to 
stimulate the body w r ould lead one to think that they would benefit m 
time of hot humid weather by obtaining a complete rest Such how- 
ever, does not seem to be the case If the suppression is sufficient to 
produce symptoms, the recoiery of function seems to be slow, so that 
patients maj show mci easing signs of insufficiency as the colder iveather 
places a greater burden on the glands 

A few months ago, I leported 13 the occurrence of fatal reactions 
from insulin among Chinese patients with dosages as low" as 4 units In 
view of these more recent observations of suprarenal insufficiency, it 
seems probable that this may suppl) an explanation of the insulin reac- 
tions Britton and Geilmg 16 found that the operation of medullectom) 
or the remoi al of the right suprarenal and denervation of the left, caused 
animals to be susceptible to insulin, comulsions coming on after as 
little as one tenth of the normally harmless dose An injection of 
epinephrine protected these animals against reaction to insulin Voigthn 
and Dunn 17 found the toxicity of insulin for white rats to be increased 

12 Sajous, E de M Endocrinology 6 198, 1922 

13 Loeper, M , Beuzard and Wagner Bull et mem Soc med de hop de Paris 
41 903, 1917 Ramond F, and Francois, R Ibid 41 1001, 1917 Josue 0 
Paris med 19 13, 1917 Carles, J J de med de Bordeaux 89 185, 1918, abstr 
J A M A 71 858 (Sept 7) 1918 

14 Cannon, W B Bodily Changes m Pam, Hunger, Fear and Rage, New 
York, D Appleton & Company, 1918 

15 Mills, C A China M J 41 914, 1927 

16 Britton, S W , and Geilmg, E M K Am J Physiol 81 467 1927 

17 Voigthn, C and Dunn E R US Pub Health Ser\ice, Pub Health 
Rep 1923 p 1747 



MILLS— SUPRARENAL GLANDS 


~*07 


as the temperature under which the rats were kept was raised 7 hese 
facts should serve as a warning against the unguarded use of insulin m 
the tropics or Orient or the free use of it such as one sees m American 
clinics 

Many textbooks on physiolog} state that sympathetic impulses cause 
constriction of the gastro-mtestmal sphincters, w ith relaxation of the 
intervening segments of intestine Shipley and Blackfan, 18 however, 
showed that surviving strips of the musculature of the pylons of new- 
born pigs and human infants are regularly relaxed by solutions of 
epinephrine in vitro My results on patients also show a prompt and 
efficient relaxation of the various sphincters after the use of epinephrine 
orally The conclusion seems justified that epinephrine in physiologic 
amounts serves only to cause relaxation throughout the gastro-mtestinal 
tract I have not found any reference to the use of epinephrine in the 
treatment of infants with pylorospasm A trial of such usage would 
seem indicated 

As to the mechanism of the action of epinephrine m dysmenorrhea 
and menorrhagia, nothing definite is known 

SUMMARY AND CONCLUSIONS 

1 A functional disturbance common m the tropics and Orient is 
described and illustrated by a report of forty cases seen during the last 
few months The principal features of the disturbance are (a) hvpei- 
motihty of the gastro-mtestmal tiact, with frequent occurrence of cai- 
diospasm, pylorospasm and ileocecal or sigmoid spasm, (b) these motoi 
disturbances may lead to nausea, vomiting, epigastric or abdominal pain 
and either diarrhea or constipation The pam and other symptoms ma\ 
simulate chronic appendicitis, peptic ulcer or tuberculous enteritis , and 
( c ) there is also usually present gastric hypochlorh^dria or achlorhydria, 
marked vascular hypotension and moderate anemia Ii> pogl> cemia with 
high tolerance for dextrose, weakness and loss in weight, uiticana 
edema, pigmentation of the skin and menorrhagia also were obsened 

2 Foieigners are more susceptible to this trouble than the natives 

3 It seems to be definitely related to the coincidental peaks of 
humidity and heat, w 7 hen cooling of the body becomes difficult In some 
of the foreigners, the onset of trouble was clearly associated with then 
first contact with the intense humid heat, while in many others the onset 
followed their first summer m China 

4 Relief of the symptoms by the oral administration of epinephrine 
was usually immediate and complete 

18 Shiplej , P G, and Blackfan. K D Bull Johns Hopkins IJosp 33 159, 
1922 
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5 Autopsy in one case did not show anything to account for the 
severe condition except changes in the supraienals characteristic of those 
seen in animals subjected to moist heat 

6 The conclusion seems justified that supiaienal insufficiency is 
responsible for the clinical picture presented, and that this represents a 
distinct disease entity just as truly as does hypothyi oidism oi hjper- 
thyroidism 

7 Subsidiary conclusions to be diawn from this leport are (a) 
diagnosis of tubeiculous enteritis, peptic ulcer or chiomc appendicitis 
should be made with due caution to rule out all purely functional dis- 
turbances, ( b ) as a treatment for spastic constipation, the oral adminis- 
tration of epinephrine seems effective and often curative, and ( c ) man} 
patients with so-called sprue are possibly suffering from suprarenal 
insufficiency 


ABSORPTION OF UNDIGESTED PROTEINS IN 

HUMAN BEINGS 

III THE ABSORPTION Or UNALTERED EGG PROTEIN IN ADULTS * 

HENRY SUSSMAN, MD 
ALEXANDER DAVIDSON, M D 

AND 

MATTHEW WALZER, MD 

BROOKLYN 

The technic adopted for studying the absorption of unalteied egg 
protein was similar to that employed in the previous study of fish absorp- 
tion 1 Egg was excluded from the subject’s diet on the day of passive 
local sensitization, which was accomplished by the mtradeimal injection 
of about 0 05 cc of the K egg serum The egg meal was usually taken 
the following morning on an empty stomach The reaction times were 
recorded m the same manner as m the previous studies 

The serums used in these studies, IC 4 , K 5 and K c , were taken on tlnee 
different occasions from the same egg-sensitive patient, whose histor) 
has already been described in the first communication 2 While samples 
K 5 and K 0 were slightly weaker m reagm content than K 4 , they were all 
used interchangeably in these studies, as the differences between them 
were not consideied sufficiently great to alter the results maternity 
Most of the tests were done with IC 4 The 1 10 dilution was employed 
for leasons already noted in the previous communication 

The protein meal m the earlier tests usually consisted of one raw 
egg In later studies, when it was found that the serum did not contain 
reagms for the egg yolk, only the egg white was used The egg was 
swallowed unaltered or beaten up m a small amount of milk The use 
of diluents or the amount employed did not seem materially to altei the 
lesults The largest amount of diluent employed was fiom 4 to 6 ounces 
(118 4 to 178 cc ) (an eggnog oi egg malted milk) The usual amount 
was 1 or 2 ounces (30 or 59 cc ) of milk Whenever possible, the 
diluent was avoided 

The subjects selected for study in this senes weie almost all patients 
m hospitals While some patients with gastro-intestinal diseases were 
included, most of the subjects weie free from such disturbances The 
diagnoses m each case are noted in table 1 With only one or two excep- 

' From the Jewish Hospital of Brooklyn, and from the Department of Bac- 
teriology and Immunology, Division of Immunology', Cornell Unnersity Medical 
College and the New York Hospital 

1 Brunner, M, and Walzer, M Arch Int Med 42 172 ( Aug ) 1928 

2 Walzer, M J Immunol 14 143, 1927 
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tions, these patients were tested when fiee from fever Members of both 
sexes weie included in the series All but two of the subjects were 
adults The youngest studied was 12 years of age 

RESULTS or TESTS 

The reaction times and results of the tests aie tabulated in table 1 

i 

When the exact reaction time was not obtained oi the reading was not 
Table 1 — Data of T ests in Each Case 


Reaction Time 
in Minutes 


tin Dilu 


Case 




Sensitising 

diluted 

tion 

No 

Date 

Age 

Sex 

Diagnosis 

Serum 

Protein Meal 

Serum 

1 10 

1 

2/15/20 

60 

M 

Gastric carcinoma 

K* 

Egg in 1 oz milk 


45 

2 

2/15/26 

37 

M 

Gonorrheal arthritis 

Ki 

Egg in 1 oz milk 


80 

3 

2/15/23 

48 

M 

Pneumonia convalescent 

Ki 

Egg in 1 oz milk 


50 

4 

2/15/26 

51 

M 

Cardionephntic syphilis 

Ki 

Egg in 1 oz milk 


45 

5 

2/15/26 

3S 

M 

Cardiac decomposition 

K4 

Egg in 1 oz milk 


50 

6 

2/15/26 

30 

M 

Duodenal ulcer 

Ki 

Egg in 1 oz milk 


0 

7 

2/15/26 

17 

M 

Ulcerative colitis 

Ki 

Egg in 1 oz milk 


43 

S 

2/15/26 

30 

M 

Pyelonephritis 

K4 

Egg in 2 oz milk 


60 

9 

2/15/26 

34 

F 

Hypertension 

K4 

Egg in 2 oz milk 


45 

10 

4/14/26 

36 

F 

Enterocolitis 

K4 

One white of egg 


26 

11 

4/14/26 

51 

M 

Gastric carcinoma 

K i 

One white of egg 


10 

12 

4/14/26 

44 

M 

Gastric ulcer 

K4 

One white of egg 


45 

13 

4/14/26 

45 

M 

Suppuration of kidney 

E.4 

One white of egg 


130 

14 

4/11/26 

50 

M 

Osteosarcoma of rib 

K4 

One white of egg 


0 

15 

5/27/26 

12 

M 

Endocarditis 

K4 

One white of egg 


100 

10 

5/27/20 

32 

M 

Cerebrospinal syphilis 

K4 

One white of egg 


0 

17 

5/27/26 

40 

F 

Cholecystitis 

K4 

One white of egg 


50 

18 

6/ 7/20 

28 

M 

Acute rheumatic fever 

K4 

One white of egg 


91 

19 

6/ 7/26 

58 

M 

Hepatic cirrhosis 

I<4 

One white of egg 


45 

20 

6/ 7/26 

23 

F 

Psjchasthenia 

E.4 

One white of egg 


0 

21 

6/ 7/26 

25 

F 

Hjpertliyroidism, rho’e 









cystitis 

K4 

One white of egg 


30 

22 

6/ 7/26 

39 

F 

Polycj therm u 

K4 

One white of egg 


90 

23 

6/ 7/26 

50 

F 

Hyperten sion and 









cholecystitis 

K4 

One white of egg 


30 

24 

7/ 2/20 

49 

M 

Asthma, achlorhydria 

Ko 

One egg 


30 

25 

8/21/26 

22 

F 

Asthma 

Kg 

White of egg in 

50 

55 







1 oz of milk 



26 

9/ 3/25 

55 

F 

Gastric carcinoma 

K4 

Egg in 4 oz milk 



27 

4/17/26 

37 

M 

Hookworm 

K4 

2 eggs 



2S 

S/25/25 

Adult 

M 

Lichen planus 

K4 

One egg 



29 

8/25/25 

Adult 

M 

Acrodermatitis atrophi- 









cans 

Ki 

One egg 



30 

1/27/26 

Adult 

M 

Acrodermatitis atrophi- 









cans 

K4 

One egg 



31 

10/20/25 

Adult 

M 

Psoriasis 

K4 

One egg 



32 


32 

M 

Normal 

K4,S,0 

One egg 

45 

48* 

S3 


44 

M 

Normal 

K4,5,C 

One egg 

30 

30* 

34 

6/10/26 

38 

F 

Normal 

Ko 

One egg 

33 



* The avenge of several tests 

consideied trustworthy, the positive reaction was designated by a + sign , 
0 designated a failure to react The lesults of the entire series are sum- 
marized m table 2 

It will be noted that the results m this series are similar to those 
obtained m the studies with fish proteins not only in the total percentage 
of positne reactions with each dilution but in the relative peicentages of 
positne reactions with the various dilutions In both series, the undi- 
luted serum gives d slightly higher percentage ot positive reactions than 
the 1 10 dilution 
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Of the five patients who failed to react, foui weie not tested with 
the undiluted sei um Had it been possible to do this, it is pi obable that 
the percentage of cases demonstiating the leaction would have been 
even higher than has alieady been noted Only two of the five patients 
giving negative leactions weie tested by local intradermal injection of an 
egg solution into the sei um site to determine whethei they had been suc- 
cessfully sensitized Both gave maiked local reactions, thus ruling out 
failuie to accept passive local sensitization as an explanation for the 
negative lesults of the test In view of the consistently positive leactions 
when patients were tested locally in the studies with fish proteins, the 
routine local testing of patients giving negative leactions in the piesent 
senes was not stnctly adhered to Failuie to accept local passive sensiti- 
zation with the K egg sei urns seemed highly impi obable, as those types 
of cases in which this was apt to occui weie not included in the piesent 
senes (see the fiist paper of this senes 2 ) 

Table 2 — Summmy of Results of Tests 


Un l 10 
diluted Dilution 


Number of patients tested with each dilution 10 2S 

Number of patients demonstrating- absorption phenomenon with each dilution 9 23 

Percentage of patients demonstrating the phenomenon with each dilution 90 82 1 

lotal number of patients in series 31 

Total number of patients failing to manifest the phenomenon 5 

Percentage of patients demonstrating the absorption phenomenon 85 3 


REACTION (ABSORPTION) TIME 

The leaction times m the patients in this senes weie graphically lep- 
lesented, as shown m the accompanying illustration Only the results 
with the 1 10 dilution were thus tabulated, as the patients tested with 
the undiluted serums weie too few in number to be of service m this 
lespect 

Of the twenty-thiee positive leactions occui ring with the 1 10 reac- 
tion, only one (4 3 per cent) occuried in the first fifteen minutes This 
is m shaip contrast to the leaction time m the patients tested with fish 
piotems, in which 32 per cent occui led within this penod In the second, 
third and fourth fifteen minute peuods, there were five, six and six 
leactions, lespectively Therefore, eighteen of the twenty-three reac- 
tions, or 78 3 pei cent, occui red within the first horn In the patients 
tested with fish proteins, 86 3 per cent of the reactions had occui red 
within half that time, thus indicating a definitely slower absorption of 
unaltered egg piotem than of fish The average reaction time m the 
series tested with egg piotem was about fifty-six minutes That of the 
series tested with fish serum was about twenty minutes 
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FACTORS AFFECTING REACTION TIME 
The same factors affecting the absorption m the studies of the patients 
tested with fish were found to apply m the series tested with egg as well 
The administration of other food before the ingestion of egg defimtel) 
prolonged the reaction tune This was well illustrated m patients 4 and 
5, who were first given the yolk of eggs As reagms for egg yolk are 
not present in the K egg serum, reactions did not lesult After mnet} 
minutes, a whole egg in 1 ounce of milk was given to each In this 
instance, the patient m case 4, whose normal reaction time -was forty- 
five minutes, reacted m nmet} -three minutes The reaction tune m 
case 5 was similarly increased from fifty to ninety-five minutes The 
local reactions m both were considerably less active than ivhen tested 
under routine circumstances, that is, when the egg white was taken on 
a fasting stomach 



Graph representing reaction (absorption) times of the twenty-three patients 
sensitized with a 1 10 dilution of serum who demonstrated the absorption of 
unaltered egg protein 


It seemed of interest to determine the effect of peptone taken before 
the protein meal on the degree and rapidity of the reaction The work 
of Pagmez and Vallery-Radot 3 and other French waiters suggests the 
use of 0 5 Gm of peptone given from one-half to one hour before 
meals as a preventive m those cases of allergy due to food sensitivities 
As these conditions are due to absorption of protein m its unaltered 
state, it seemed important to determine, if possible, the effect of peptone 
on the phenomenon Three subjects wdiose normal reaction times w ? ere 
knowui w r eie therefore gnen capsules containing 0 5 Gm of Witte’s pep- 
tone siccum from forty-five to sixty minutes preceding the egg protein 

1 Pagmez, P and Vallery-Radot, P Presse med 24 529, 1916 
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meal As a result of this, in case 4, the reaction tune was increased from 
forty-five to mnety-thiee minutes, m case 3, it was reduced fiom fifty 
to twenty minutes , m case 17, it remained unaffected The use of pep- 
tone, moreover, seemed not to have a consistent effect on the degiee or 
seventy of the local reaction Theie did not seem to be any evidence, 
therefore, that peptone admimstei ed m the manner described influenced 
the absoiption of unalteied protein m any definite manner 

ABSORPTION OF UNALTERED PROTEIN FROM THE RECTUM 

Nine of the cases tested m table 1 weie studied for the pui pose of 
determining whether absorption of unaltered piotem fiom the rectum 
could be detected by the same technic as that employed for piotems 
administered oially 

Table 3 — Results of Rectal Adimmsti ation of Piotem 


Reaction Time 
in Minutes 


Oral 






Sensi- 



Undi- Dilu- 

Dilu- 

Reac- 





tizing 

Preliminary 

Protein Rectally luted tion 

tion 

tion 

Case Date 

Age Sex 

Diagnosis Serum 

Preparations 

Administered 

Serum 1 5 

1 10 

Time 

7 

2/15/26 

17 

M 

Ulcerative Ki 


1 egg white in 


7 

43 




colitis 


2 oz milk 





4/17/26 



Ki 


1 egg w lute in 


26 








2 oz milk 




10 

4/ 17/26 

36 

F 

Enterocolitis Ki 

Test preceded 

1 egg white in 


65 

26 






by enema 

2 oz water 




12 

4/17/26 

44 

M 

Gastric ulcer K* 

Test preceded 

1 egg white in 



45 





by enema 

2 oz water 




13 

4/17/26 

45 

M 

Suppuration Ki 

Test preceded 

1 egg white in 

0 


130 




of kidney 

by enema 

2 oz water 




16 

6/10/26 

32 

M 

Cerebrospinal Ki 

Test preceded 

1 egg white in 

0 


0 





syphilis 

by enema 

2 oz water 




23 

6/10/26 

50 

F 

Hypertension, K 4 

Test preceded 

1 egg white in 

■4-* 


30 





cholecystitis 

by enema 

2 oz water 




22 

6/10/26 

39 

F 

Polycythemia K 4 

Test preceded 

1 egg white m 

54 


90 






by enema 

2 oz water 




25 

8/23/26 

22 

F 

Asthma Kg 

Test preceded 

1 egg white in 

75 

125 

55 





by enema 

2 oz water 




27 

4/20/26 

30 

M 

Hookworm K 4 

Test preceded 

2 eggs in 2 oz 

0 

0 

0 





by enema 

of water 





* ± Indicates a slight reaction with slight erythema and slight pruritus without forma- 
tion of wheals 

Preparation of the patient and sensitization weie accomplished as 
before The egg was administered by rectal tube, either unaltered or 
diluted in water or milk In some cases, an enema was given before the 
rectal feedings, to clean out the lower bowel The results m each case 
are noted m table 3 

The patients m cases 16 and 27, who failed to exhibit a positive reac- 
tion following oral administration of the egg, gave negative results with 
the rectal feeding as well (In case 27, the patient has already been 
pointed out in the pievious communication as the one who failed to 
demonstrate the reaction to both fish and egg when given orally, rectally 
or enterally ) The patient m case 13, who showed a delayed reaction 
time after oral administration, failed entnely to exhibit the phenomenon 
following rectal administration The patient in case 7, who had large 
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ulcerative areas in the sigmoid and colon, exhibited a much more rapid 
and active reaction with the rectal than with the oral administration The 
first test, made while the ulcerative process was acute, resulted m a 
marked positive reaction m seven minutes The oral reaction time was 
forty-three minutes With the inflammatory process subsiding, the rectal 
test was repeated two months later, the reaction this time appearing in 
twenty-six minutes Case 22 was another m which the reaction time 
after rectal administration was more rapid than that by mouth In cases 
12 and 23, the local reactions following rectal administration were 
extremely mild, consisting of erythema and slight itch In case 12, they 
were decidedly tardy in appearance, coming on as late as three and seven 
hours, respectively, m two instances In cases 10 and 25, the reaction 
times after rectal administration were slightly longer than the oral 

Judging from the foregoing results, it would seem that absorption of 
unaltered protein generally occurs to a less degree from the rectum than 
from the upper digestive tract It is also apparent that failure to dem- 
onstrate the phenomenon following oral administration of the protein 
under routine conditions is not necessarily to be considered as the result 
of some local factors m the upper digestive tract, such as hyperacidity 
and delayed emptying of the stomach For it is noted that those showing 
delayed or absent reactions following oral ingestion usually do not show 
absorption from the rectum The trait is therefore a constitutional 
rather than a local one or, if it involves the intestine itself, affects the 
entire alimentaiy system The foregoing experiments, however, dem- 
onstrate beyond a doubt that rectal absorption of unaltered protein does- 
occur in detectable quantities in most persons 

SUMMARY 

1 The absorption of detectable amounts of unaltered egg protein 
from the digestive tract was noted m 85 3 per cent of thuty-four subjects 
tested and may therefore be considered a normal phenomenon 

2 The unalteied egg protein was detected in the blood stream m the 
first fifteen minutes in only one case, or 4 3 per cent Twenty-six and 
one-tenth per cent of the reactions occuried within the first half hour, 
and 78 per cent within the fiist hour 

3 The same factors affecting the absorption time of fish protein 
affected that of egg protein as well 

4 Absorption of unaltered egg protein from the lectum was dem- 
onstrated m most cases in which it had occurred after oral administra- 
tion Patients who showed diminished or negative absorption after oral 
administration usually failed in the rectal test This indicated that nega- 
tive reactions usually could be attributed to a constitutional rather than 
a purely local cause 

5 Absoiption from the rectum was usually somewhat slower and. 
less pronounced than that from the upper enteral canal 
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IV PRODUCTION OF ACTIVE IMMUNITY AGAINST THE FATAL 
OUTCOME OF EXPERIMENTAL FECAL PERITONITIS * 

BERNHARD STEINBERG, MD 

TOLEDO 

AND 

HARRY GOLDBLATT, MD 

CLEVELAND 

In a previous communication, 1 it was shown that active immunity can 
be produced in dogs against a fatal outcome following “colon bacillus- 
gum tragacanth” peritonitis Since one of the more common causes of 
peritoneal infection is soiling of the pentoneum by intestinal contents, 
this investigation was undertaken to determine whether active immunity 
can also be developed against a fatal outcome m this type of peritonitis 
Since colon bacillus is found with and without other organisms m a 
high percentage of cases of peritonitis due to rupture of the appendix 
or peiforation of intestines, it was deteimmed to investigate the capacity 
of the colon bacillus alone to produce active immunity against the fatal 
outcome of fecal pentonitis 

EXPERIMENTAL METHOD AND EXPERIMENTS 

Method — In preliminary experiments, it was found that the mtra- 
peritoneal injection into a dog of a saline suspension of 5 Gm of solid 
feces from the lower portion of the small intestine or from the large 
intestine of another dog invaiiably produced seveie seiohemorrhagic 
and fibnnopurulent peritonitis, which always pioved fatal This amount 
was therefore adopted in the following experiments as the standaid for 
the production of fatal fecal peritonitis 

In order to produce immunity, colon bacilli were injected mtrapen- 
toneally into dogs by the following method Living organisms were 
used for purposes of immunization in one series of animals and m 
another, dead organisms were used The dead colon bacilli were pro- 
duced by heating the saline suspension of the living oigamsms at 58 C 
for one hour Cultures made of the heated suspensions proved sterile 

* Aided by a grant from the American Medical Association 

•'From the Division of Laboratories and Research, Toledo Hospital, 
Toledo, Ohio, and the Department of Pathology, School of Medicine, Western 
Reserve University, Cleveland 

1 Goldblatt, H , and Steinberg, B Peritonitis III Active Immunization 
Against Experimental B Coll Peritonitis, Arch Int Med 41 42 (Jan ) 1928 
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Foui mtrapei itoneal injections weie given, the interval between suc- 
cessive doses being four days The initial injection consisted of the saline 
washings of one agar slant of the oiganisms and the remaining three 
injections of two, three and four agar slants, respectively This is 
exactly the same procedure that was employed in a previous investiga- 
tion 1 On the fifteenth day after the last injection, the presence of 
immunity was tested by the mtrapei itoneal injection of 5 Gm of solid 
feces suspended m 15 cc of 0 9 per cent sodium chlonde solution As a 
conti ol of the expemnent, a similar injection of feces was given at the 
same time to nonimmunized normal dogs Smears of the feces used 
showed abundant and vaned bacteria which included relatively many 
large and small giam-negative bacilli, giam-positive diplococci and a 
few large giam-positive bacilli Colon bacilli weie identified by cultural 
methods, but no attempt was made to identify all the other organisms 

Immunization with Living Colon Bacilli — Eleven dogs were 
immunized with living colon bacilli by the foregoing method, group A 
(six dogs) at one tune, and group B (five dogs) at another time On 
the fifteenth day after the last immunizing injection, the animals were 
given the mtraperitoneal injection of fecal matenal For from twelve 
to thirty-six hours they showed varying degrees of malaise and vomited 
frequently Of the six animals in group A, all survived , of the five m 
group B, four survived, and one died m forty-eight hours Thus, of the 
total of eleven dogs, ten survived One died m forty-eight houis, and 
autopsy revealed a severe serous and fibnnopurulent pei itonitis 

Four days after the fecal injection, one of the animals of group A, 
clinically completely recoveied, was killed, and autopsy showed the 
presence of some free pus in the peritoneal cavity with some fibrmo- 
puiulent exudate on the visceral and parietal peritoneum One month 
after the injection of the feces, another dog of group A, at the time in 
excellent condition, was killed, autopsy did not show any gross abnor- 
malities of the peritoneum Six weeks aftei the injection of feces, one 
dog of group B was killed, and autopsy showed only a few fibrous 
adhesions between the upper surface of the liver and the under suiface 
of the diaphragm The remainder are still alive several months after 
the injection of the feces 

Immunization with Dead Colon Bacilli — Eight dogs were immunized 
with dead colon bacilli by the method described, group A (six dogs) at 
one time, and group B (two dogs) at another time Fourteen days 
after the last immunizing injection, the animals were given an mtraperi- 
toneal injection of the fecal material In this series, the fecal injection 
was made m groups A and B on the same days and with the same fecal 
matenal used for groups A and B of the series immunized with living 
colon bacilli Of the six dogs m group A two survived and of the two 
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m group B, one suivived Of the total of eight dogs, theiefore, three 
survived and were still living several months later The lemaming five 
dogs died in fiom twenty-two to sixty hours following the fecal injec- 
tion All of the dogs weie ill Those that survived had severe malaise, 
and vomited for fiom twelve to twenty-four hours For the next two 
days the animals refused solid food and weie somewhat lethargic, but 
from that time on, the leturn to normal was rapid and complete The 
dogs that did not recover continued to vomit, were finally pi osti ated and 
were comatose for several hours before death Autopsy showed severe 
serohemoi rhagic and fibrmopuiulent peritonitis 

A Injection of Fecal Material into N onimmumzed Noimal Dogs — 
Fifteen normal dogs (six in group A, and nine m group B), were given 
the mtiaperitoneal injection of feces on the same day and with the same 


Active Immunization Against a Fatal Outcome of Expeumcntal Fecal 

Pentonitis in Dogs 


Number of Dogs 

11 (group A — 5) 
(group B — G) 

Immunizing Agent 
Living colon bacilli 

Outcome 

10 survived (group A— 4) 

(group B — G) 

1 died in 48 hours (group A) 

8 (group A 
(group B 

-6) 

-2) 

Dead colon bacilli 
(killed by beat) 

3 survived (group A — 2) 

(group B — 1) 

5 died m from 22 to GO hours 
(group A — 4) 

(group B — 1) 

15 (group A 
(group B 

-6) 

-9) 

None 

15 died m from 12 to 24 hours 

3* 


None 

3 survived 


* The fecal material used for tins group was sterilized by heat 


material used for groups A and B of the series immunized by living 
and dead bacilli All of the dogs died m from twelve to twenty-four 
hours Autopsy showed severe hemorrhagic serous and fibrmopurulent 
peritonitis 

Smears of the peritoneal exudate of these dogs showed similar 
organisms to those seen in the feces used for injection, namely, small 
and large gram-negative bacilli, gram-positive cocci and large gram-posi- 
tive bacilli Smears of the peritoneal exudate from the immunized dogs 
that died showed similar oigamsms Similar organisms were also 
recovered m cultuies, but no attempt was made to identify any except 
colon bacilli which were present in abundance 

B Injection of Heated Fecal Maternal into N onimmumzed Noimal 
Dogs — To test the effect of the feces, independent of living organisms, 
three animals were given mtraperitoneal injections with the standard 
amount of saline suspension of fecal material which had been heated for 
one hour at 60 C This was a portion of the feces used for gioups B 
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Cultures of the heated feces proved sterile The three animals survived 
One was killed seventy-two hours after the fecal injection, and autopsy 
did not reveal any gross peritoneal lesion 

COMMENT 

It is apparent from the results of these experiments that it is possible 
to prevent the fatal outcome of fecal peritonitis m dogs by active immuni- 
zation with living colon bacilli In this communication, no explanation is 
offered for this phenomenon Whether death in fecal peritonitis is 
entirely due to the action of the colon bacillus and the active immuniza- 
tion with these organisms results m the production of specific antibodies 
or protectrve cellular reaction, or whether the immunity produced by 
Bacillus coh is nonspecific, and of cellular or humoral nature, or both, 
remains an open question 

The experiments in which colon bacilli, killed by heat, were used to 
produce immunity showed protection m a small percentage of the 
animals This would indicate that dead organisms might be employed 
for the production of active immunity against a fatal outcome m fecal 
pentomtis, but that heat destroys a great part of the antigenic power 
of the organisms Other methods of killing the bacteria are being 
employed for the further investigation of active immunization with dead 
colon bacilli against the fatal outcome of fecal peritonitis 

SUMMARY AND CONCLUSIONS 

1 The mtraperitoneal injection into fifteen normal dogs of 5 Gm of 
solid feces suspended m 15 cc of physiologic sodium chloride solution 
invariably resulted m the production of severe serous and fibnnopurulent 
peritonitis which always proved fatal 

2 Active mtraperitoneal immunization with “living” colon bacilli 
resulted m the survival of ten of eleven dogs after an mtraperitoneal 
injection of feces 

3 Active mtraperitoneal immunization with “dead” colon bacilli, 
killed by heat, resulted in the survival of three of eight animals after an 
inti aperitoneal injection of feces Killing by heat greatly diminishes the 
antigenic power of colon bacilli 

4 Heated feces did not produce peritonitis, and the three dogs into 
which this substance v'as injected survived The bacteria of fresh feces 
are therefore necessary for the production of peritonitis and the fatal 
outcome 


1711 Cherry Street 



RELATIVE LYMPHOCYTOSIS IN HYPERTHYROIDISM 


VALY MENKIN, AID 

BOSTON 

In 1908, Koclier 1 pointed out that the differential formula in cases in 
which patients were suffering from exophthalmic goiter might be abnor- 
mal, showing a preponderance of lymphocytic elements He thought 
that this relative lymphocytosis lepiesented an index of the severity of 
the disease In a lecent communication, 2 I repoited on the pioduction 
of a relative mononucleosis m noimal animals, occuumg aftei a period 
of excitement lasting from ten to fifteen minutes This emotional 
relative mononucleosis was evidently connected with sympathetic activa- 
tion of lymphoid structuies, particulaily the spleen, for it was shown 
that removal of the sympathetic strands m an animal, splenectomy, or 
merely denervation of the spleen could inhibit this physiologic increase 
in the relative mononuclear counts aftei excitement 

The present clinical study was undei taken m order to ascertain the 
incidence of relative lymphocytosis m cases of hyperthyroidism, and 
also the character of the differential formula in patients who have 
recovered or who have a normal basal metabolism after subtotal or 
partial thyroidectomy has been pei formed Through such a study it 
was thought that a coi relation might be made between the experimental 
observations already mentioned on the production of a relative emotional 
mononucleosis and the clinical symptoms in exophthalmic goiter in which 
the sympathetic system is presumably ovei stimulated 

INCIDENCE 

One hundred cases of hyperthyroidism were collected from the 
records of the Peter Bent Brigham Hospital In sixty-seven cases the 
patients showed a definite relative lymphocytosis of 30 per cent or more 
(table) Fifty-six per cent of the 100 patients in this series had signs 
of exophthalmos Eighty per cent of this group, namely, those having 
hyperthyroidism and exophthalmos, showed a definite relative lympho- 
cytosis In the group of patients having hyperthyroidism as revealed 
by the clinical picture and the basal metabolism but without signs of 
exophthalmos, only 50 per cent showed a definite relative lymphocytosis 
(table) It would seem as if a relative lymphocytosis is somewhat more 

*From the Medical Service of the Peter Bent Brigham Hospital 

1 Kocher, T Blutuntersuchungen bei Morbus Basedown, Arch f klin Chir 
87 131, 1908 

2 Menkin, V Emotional Relative Mononucleosis, Am J Physiol 85 489, 
1928 



Poccntage of Lymphocytes m One Hundred Cases of Hyperthyroidism 



Hyperthyroidism 


Hyperthyroidism 


With Exophthalmos, 


Without Exophthalmos, 

Case No 

Percentage of Lymphocytes 

Case No 

Percentage of Lymphocytes 

24890 

43 

18932 

31 


52 

20364 

60 

£0351 

40 

20632 

32 

20751 

42 

20641 

31 

20792 

34 

20758 

31 

21009 

32 

21243 

32 

210S0 

33 

22302 

43 

22017 

35 

22331 

33 

2225G 

45 

22369 

23 

20315 

46 

20270 

21 

21626 

44 

19S29 

29 

22560 

33 

21174 

26 

20022 

48 

22150 

19 

1S974 

22 

18872 

15 

18055 

28 

29946 

30 

18975 

46 

29S60 

26 

23794 

24 

30447 

18 

22275 

IS 

30610 

33 

1SS93 

12 

30585 

41 

29S48 

30 

30135 

30 

25017 

51 

29499 

20 

25073 

43 

306S8 

35 

25035 

49 

25092 

25 

25367 

33 

24958 

40 

25 24 

34 

25360 

52 

26051 

20 (slight) 

25769 

25 

200S0 

46 

26106 

28 

26151 

45 

25936 

26 

20342 

44 

27036 

27 

22063 

37 (slight) 

27019 

18 

238 2 

42 (lid lag only) 

23042 

29 

22781 

31 

23260 

32 

230GS 

42 

23588 

48 

23524 

27 

24104 

20 

23576 

39 

23970 

54 

23469 

4S 

29606 

20 

23937 

34 

29489 

40 

23871 

52 

29499 

20 

24012 

38 

29792 

30 

24184 

26 

25554 

32 

24377 

52 

C W 

18 

23815 

57 

E O 

34 

29729 

23 (slight) 

G H 

20 

29CS0 

43 (slight) 

E G 

14 

29034 

20 



2SS96 

25 



E B 

41 



El G 

4S 



C B 

47 



E S 

42 (slight) 



D R 

45 



E H 

42 (hd lag only) 



E R 

52 



W E 

51 



B 

32 



R M 

39 (lid lag only) 



Average 

ss% 

Average 

30% 


Hyperthyroidism Hyperthyroidism 

TV i tli Exophthalmos Without Exophthalmos 

Total number of cases 30 44 

Number of cases with relative lymphocytosis 

(30 per cent or more) 45 22 

Percentage with relative lymphocytosis SO 50 
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prone to occur m cases of hypeithyroidism exhibiting also exophthalmos 
than in cases having hyperthyroidism, but without abnormal eye signs 
This fact is suggestive m view of a possible geneiahzed sympathetic 
activation of lymphoid structures in cases in which exophthalmos is 
superimposed on the hyperthyioidism 

DIFFERENTIAL FORMULA AFTER THYROIDECTOMY 

As pointed out m the foiegoing, lelative lymphocytosis is moie apt 
to be found in patients having definite exophthalmos m addition to othei 
signs of hyperthyioidism Will this abnoimal blood picture disappeai 
after subtotal thyi oidectomy, or is the condition associated with a con- 
comitant hyperplasia of lymphoid stiuctuies beaiing no direct relation- 
ship to the thyioid gland ? The piesent study was undei taken m an 
attempt to answer this question Ten patients weie followed up with 
the accompanying results m each case 

REPORT OF CASES 

Case 1 — E B , a woman, aged 32, entered the Peter Bent Brigham Medical 
Service m November, 1923' The basal metabolism was + 57 Exophthalmos was 
not present The differential count showed polymorphonuclears, 68 per cent, 
lymphocytes, 26 per cent, eosinophils, 3 per cent In December, a partial thy- 
roidectomy was performed In January, 1925, the patient was readmitted to the 
hospital with a basal metabolism of + 51, and with marked exophthalmos The 
differential count revealed polymorphonuclears, 52 per cent , lymphocytes, 41 per 
cent, large mononuclears, 7 per cent Operation was again performed In 
October, 1927, she reentered the hospital with a basal metabolism of + 10 The 
differential count was polymorphonuclears, 80 per cent, lymphocytes, 15 per cent, 
large mononuclears, 4 per cent 

Case 2 — R B, a woman, aged 23, entered the hospital in June, 1927, with 
marked exophthalmos and a basal metabolism of + 39 The differential formula 
was polymorphonuclears, 54 per cent, lymphocytes, 36 per cent, large mono- 
nuclears, 8 per cent, eosinophils, 1 per cent, basophils, 1 per cent She reentered 
for follow-up in October, 1927 The basal metabolism was 0 The differential 
count revealed polymorphonuclears, 65 per cent , lymphocytes, 26 per cent , 
eosinophils, 4 per cent, basophils, 2 per cent, unknown, 3 per cent 

Case 3 — C B, a man, aged 35, entered the hospital in September, 1924, with 
marked exophthalmos and a basal metabolism of + 76 The differential count 
showed polymorphonuclears, 44 per cent, lymphocytes, 47 per cent, large mono- 
nuclears, 9 per cent Partial thyroidectomy was performed The patient was 
readmitted to the hospital m October, 1927, the basal metabolism was +20, the 
differential count was polymorphonuclears, 63 per cent, lymphocytes, 27 per cent, 
large mononuclears, 8 per cent, eosinophils, 2 per cent 

Case 4 — E S, a woman, aged 49, was admitted to the hospital in November, 
1923, with a basal metabolism of + 12, without signs of exophthalmos The differ- 
ential count revealed polymorphonuclears, 70 per cent , lymphocytes, 26 per cent , 
large mononuclears, 3 per cent, eosinophils, 1 per cent In October, 1924, 
slight exophthalmos was present , the basal metabolism was + 32 The differential 
count showed polymorphonuclears, 56 per cent, lymphocytes, 42 per cent, large 
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mononuclears, 1 per cent, eosinophils, 1 per cent In October, 1927, the patient 
appeared entirely normal clinically The differential count showed polymorplio- 
nuclears, 69 per cent, lymphocytes, 22 per cent, large mononuclears, 8 per cent, 
eosinophils, 1 per cent 

Case 5 — R D , a woman, aged 31, entered the hospital in July, 1925, with 
signs of exophthalmos and a basal metabolism of -f- 47 The differential count 
revealed polymorphonuclears, 47 per cent , lymphocytes, 45 per cent , large mono- 
nuclears, 7 per cent, eosinophils, 1 per cent Thyroidectomy was performed In 
October, 1927, the patient entered the outpatient department for follow-up She 
seemed perfectly well The differential count showed polymorphonuclears, 60 per 
cent, lymphocytes, 29 per cent, large mononuclears, 7 per cent, eosinophils, 
3 per cent, unknown, 1 per cent 

Case 6 — E R , a woman, aged 32, entered the hospital in August, 1926, with a 
basal metabolism of + 59, and with moderate exophthalmos The differential 
count was polymorphonuclears, 36 per cent, lymphocytes, 52 per cent, large 
mononuclears, 12 per cent Subtotal thyroidectomy was performed In November, 
1927, the patient reentered for follow-up, she appeared to be well The differ- 
ential count showed polymorphonuclears, 77 per cent, lymphocytes, 15 per cent, 
large mononuclears, 4 per cent 

Case 7 — W L , a woman, entered the hospital in December, 1924, with 
moderate exophthalmos The differential count revealed polymorphonuclears, 
45 per cent , lymphocytes, 51 per cent , large mononuclears, 4 per cent The basal 
metabolism was + 51 The basal metabolism test in October, 1927, was — 13, and 
signs of postoperative myxedema were apparent On Nov 15, 1927, the differen- 
tial count showed polymorphonuclears, 58 per cent, lymphocytes, 33 per cent, 
large mononuclears, 6 per cent, eosinophils, 3 per cent 

Case 8 — C W , a woman, aged 42, entered the hospital without signs of 
exophthalmos , the basal metabolism was + 89 on March, 1927 The differential 
count revealed polymorphonuclears, 74 per cent , lymphocytes, 18 per cent , large 
mononuclears, 8 per cent Subtotal thyroidectomy was performed m November, 
1927 , the basal metabolism was + 31 , the differential count showed polymorpho- 
nuclears, 70 per cent, lymphocytes, 22 per cent, large mononuclears, 6 per cent, 
eosinophils, 3 per cent 

CAsr 9 — E O , a woman, aged 35, was admitted to the hospital in December, 
1926 Exophthalmos was not present , the basal metabolism was + 29 The dif- 
ferential count was polymorphonuclears, 56 per cent, lymphocytes, 34 per cent, 
large mononuclears, 10 per cent Thyroidectomy was performed In November, 
1927, the differential count showed polymorphonuclears, 61 per cent , lymphocytes, 
37 per cent, large mononuclears, 2 per cent 

Case 10 — E H , a woman, aged 54, entered the hospital in December, 1926, 
with a basal metabolism of + 43 , exophthalmos was not present, but there was a 
lid lag The differential count revealed polymorphonuclears, 48 per cent , lympho- 
cytes, 42 per cent, large mononuclears, 5 per cent, eosinophils, 4 per cent On 
Nov 8, 1927, the differential count showed polymorphonuclears, 55 per cent, 
lymphocytes, 41 per cent , large mononuclears, 4 per cent , eosinophils, 1 per cent 

It is clear from cases 1 and 4 that a relative lymphocytosis tends to 
appear when exophthalmos is also present, and furthermore that this 
exophthalmos is apparently a later stage of the disease Though the 
patient in case / showed a reduction in relative lymphocytosis after 
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thyroidectomy was pei formed, a high relative lymphocyte count (33 per 
cent) was present Emery 3 has shown that a relative lymphocytosis is 
often seen in myxedema The patient in this case showed a post- 
operative basal metabolism of — 13, hence it is conceivable that a rela- 
tive lymphocytosis of 33 per cent may perhaps be part of a postopeiative 
myxedematous blood picture 

The patient in case 8 did not show any signs of relative lymphocytosis 
before operation It is interesting to note also that there was no sign 
of exophthalmos m this case (table) In cases 9 and 10, the patients 
both showed exophthalmos and relative lymphocytosis which, however, 
was not relieved by operation The patients in the remaining six cases 
showed exophthalmos and a relative lymphocytosis before operation 
The differential formula m this gioup became normal after thyroidec- 
tomy was performed 

COMMENT 

From this study, it seems as though a relative lymphocytosis is a 
frequent occurrence in hyperthyroidism, especially in cases in which a 
definite exophthalmos is associated with the usual signs of the disease 
It is difficult to conceive of the exact mechanism which produces this 
relative increase in lymphocytes Capelle 4 pointed out that m all severe 
cases of exophthalmic goiter there is a lymphoid hyperplasia Marine 
and Lenhardt 5 consider the changes in both the thyroid and the lymphoid 
tissues to be the truest indexes of the severity of the disease Definite 
hyperplasia of the thymus seems to be present in 75 per cent of the cases 6 
If exophthalmos is taken as an index of sympathetic overactivity result- 
ing from thyroid intoxication, it is probable that the relative lympho- 
cytosis of exophthalmic patients is caused by sympathetic stimulation of 
lymphoid structures, particularly the spleen causing a discharge of 
lymphocytes m the blood stream by an increase m splenic conti actions 
It has been shown that a similar mechanism takes place when a normal 
animal is excited for from ten to fifteen minutes 2 Sympathectomy 
or denervation of the spleen tends to inhibit this physiologic relative 
mononucleosis in animals Thyroidectomy m patients with exophthalmic 
goiter presumably removes a factor which stimulates the discharge of 
lymphoid elements into the blood stream This would result in a sub- 

3 Emery, E S The Blood m Myxedema, Am J M Sc 165 577, 1923 

4 Capelle Die Beziehungen der Thymus zum Morbus Basedown, Beitr z 
klm Chir 58 353, 1908 

5 Marine, D , and Lenhardt, C H Relation of Iodine to the Structure of 
Human Thyroids Relation of Iodine and Histologic Structure to Diseases in 
General, to Exophthalmic Goiter, to Cretinism and Myxedema, Arch Int Med 
4 440 (Nov ) 1909 

6 McCarnson, R The Thyroid Gland in Health and Disease, New York, 
William Wood & Company, 1917 
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sequent restoration of the normal differential formula Evidently patients 
with hyperthyroidism and without exophthalmos represent a less toxic 
or generalized involvement It is difficult to account for the relative 
lymphocytosis m cases 9 and 10 in w Inch exophthalmos was not present 
and m w Inch operation did not rehe\ e the condition It is possible that 
m these two cases, there was not a similar mechanism of sympathetic 
discharge from the spleen, but rather a concomitant lymphoid hyper- 
plasia of the tin mus, and perhaps other lymphoid structures which, by 
their increased activity, raised the level of relative lymphocytes m the 
blood stream Removal of the th} roid or of the sympathetic strands 
presumably would not cause any decrease of such lymphoid activity 

SUMMARY 

1 Relative 1} mphocytosis was observed m 67 per cent of the cases of 
hyperth) roidism 

2 Relative lymphocytosis is more frequently seen m patients who 
have exophthalmos superimposed on the usual clinical signs of hyper- 
thyroidism 

3 In patients with exophthalmos, thyroidectomy decreases the rela- 
te e lymphoc} tosis and restores a normal differential formula 

4 It is suggested that the relative lymphocytosis in cases of exoph- 
thalmic goiter is due to sympathetic stimulation of lymphoid structures, 
particularly of the spleen, which causes it to contract, as evidenced by 
experimental work reported in a previous publication 

5 Some patients with hyperthyroidism but without signs of exoph- 
thalmos show a relative lymphocytosis apparently not relieved by 
thyroidectomy The mechanism of tins type of relative lymphocytosis 
is not clear It is suggested that it may be caused by a concomitant 
h> perplasia of lymphoid structures, such as the thymus 

It gnes me pleasure to express my appreciation to Dr Henry A Christian for 
suggesting this problem and for valuable assistance in carrying it out 
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EDEMA AND REDUCTION IN EXCRETION Or WATER ^ 
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It is well known that patients with pernicious anemia have a more or 
less pronounced tendency toward edema, and that they usually have 
edema, especially in the later stages of the disease Edema has always 
been considered a link in the clinical symptomatology of this disease, 
but a closer study of its pathogenesis has been limited In most 
instances, edema is understood to be nephrogenetic (Makarow 1 ), but it 
is also thought to be determined by extrarenal factors (Saltzman 2 ) In 
both cases, the authors seem inclined to regard the anemia itself, the low 
hemoglobin percentage, as the determining factor 

Again, m patients with pernicious anemia, one finds a characteristic 
change in the excretion of water Christian 3 and Stieghtz 4 stated that 
patients generally show a tendency toward fixation of the specific gravity 
of the urine without accompanying polyuria and with a relative increase 
of the nocturnal urine Saltzman , 2 Essen and Forges 5 substantiated 
this opinion and at the same time found a characteristic result with the 
water test, namely, a retarded excretion with a tendency toward fixation 
of the specific gravity at a comparatively high level This change m 
the excretion of water is generally understood to be nephrogenetic 
Christian 3 and Stieghtz 4 expressed the opinion that it is dependent on 
the anatomic changes m the kidneys , Essen and Forges , 5 that it is due to 
deficiency of oxygen Only Saltzman 2 spoke of the possibility of extra- 
renal factors being the cause of the changed excretion of water as well 
as the cause of the edema 

THE CLINICAL APPEARANCE OT EDEMA 

In its localization, anemic edema resembles nephrotic edema to a cer- 
tain extent In both mild and severe cases, a diffuse puffiness of the face 

* From the Medical Department Bispebjaerg Hospital, Copenhagen, and the 
University Animal Physiological Laboratory, Copenhagen 

1 Makarow Inaug Diss , Jen a, 1912 

2 Saltzman Fmska lak-sallsk Handl 61:1, 1919 

3 Christian Renal Function in Anemia, Arch Int Med 18*429 (Oct) 1916 

4 Stieghtz Disturbances of Renal Function m Pernicious Anemia, Arch Int 
Med 33 58 (Jan ) 1924 

5 Essen and Porges Wien Arch £ Inn Med 5*195, 1922 
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is noticeable, winch often, to a great extent, gnes patients wuth per- 
nicious anemia a characteristic appearance Edema of the lower 
extremities, and if the patient is in bed, edema of the lumbar region, is 
more or less definite In extreme cases marked edema of the upper 
extremities is found especially m the hands Most characteristic, how T - 
ever, is a peculiar diffuse retention of w r ater in the integument and sub- 
cutaneous tissues 

In less pronounced cases, we hat e used the following procedure to 
determine “occult edema ’ We have placed a lubber tubing around the 
antibrachium and the crus and held it tight for two minutes If there is 
“occult edema,” a circular depression appears in the skin easily dis- 
cernible to the e\ e and perceptible to the touch This s) mptom of “occult 
edema” is often present m patients with pernicious anemia 

With regard to the frequenc) of edema m cases of pernicious anemia, 
64 per cent of Cabot’s G patients and almost 50 per cent of Schauman’s 7 
had edema The frequency of finding edema, how e\ er, depends partly 
on w hat is understood as edema but mostly on the stage of the illness at 
which the patient was examined We feel sure that if patients were 
followed until death, edema would be an almost constant s\ mptom of 
the disease A characteristic of the edema is that it appears during the 
relapses and disappears during the remissions Its reappearance indi- 
cates, at a comparatively early stage, the occurrence of a new" relapse 

REDUCED EXCRETION OF W"ATER AS DETERMINED BY 
THE \\ ATER TEST 

We ha 1 , e examined the excretion of water m thirty -fi\e patients on 
whom mnet}-six water tests w r ere made (Examinations made before 
knowing liver treatment ) Most of the patients w r ere examined a num- 
ber of times at different phases of the disease One thousand grams of 
water were gnen the patient at 8 o’clock, and urine w"as passed at the 
times shown in tables 1 and 2 

A few cases wall illustrate the typical change which occurs with the 
w ater test 

These tables show that the excretion of water is reduced considerably 
during the first four hours, and that the specific grant}" is fixed near a 
rather high average In these two cases albuminuria and cyhndruna 
were not noted, the s}stolic blood pressure was 115 and 130, respec- 
tnely, the excretion of thiosulphate, 33 and 27 per cent, respectively, 
and the blood urea was 27 and 44 mg per hundred cubic centimeters, 

6 Cabot, in Osier and McCrae Modern Medicine, \ol 4, Philadelphia, Lea 
&. Febiger, 1908 

/ Schauman Schauman and Saltzman Die pernmoze Anaemie, Encjklop d 
Kim kled , Berlin, 1925 
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respectively The first patient did not show edema, the second patient 
had puffiness of the face, slight edema of the lumbar region and lower 
extremities and a positive reaction when the compression test was made 
on the upper and lower extremities 

In studying the results of the water test, the predominant impression 
is that the result of the test depends on whether the test was made during 
the period of relapse or during the remission It is evident that patients 
first seen m a relapse often show a great reduction m the excretion of 
water in the beginning, when there is a remission, the excretion grad- 
ually improves and finally becomes normal 

Table 1 — Data Showing Watei Eva chon in M A 



Hemoglobin 




Date 

Percentage 

Time 

Diuresis 

Specific Gravity 

2/1/20 

35 

00 

30 

1018 



S- 9 

221 

L019 



9-10 

40|Sum 

1021 



10-11 

401 142 

1 017 



11-12 

40 J 

1 015 



12- 0 

195 

1 018 



0- 7 

15 

1 021 



7- 6 

195 

1021 



G- 7 next morning 

15 

1 021 


Table 2 — Data Showing Watei Exci chon in L M 


Hemoglobin 

Percentage 

Time 

Diuresis 

Specific Gravity 

42 

7- 8 

15 

1022 


8- 9 

211 

1021 


9-10 

58 1 Sum 

1017 


10-11 

43 f 151 

1 019 


11-12 

29j 

i m 


12- 6 

150 

1023 


6- 7 

12 



7- 6 

240 

1024 


G- 7 next morning 

20 

1 01G 


The patient A F A m table 3 is a typical example Another 
■example of this type is S J , shown in table 4 

The exact reverse of this can be seen in table 5 When this patient, 
L M , was discharged from the hospital, the excretion of water was 
■normal, he had a relapse and when he returned there was a reduction 
in the excretion of water These examples illustrate the fundamental 
principle 

In comparing the course of edema and the excretion of water, it 
can be said that they are usually simultaneous , that is, the edema and 
the reduced excretion of water are most noticeable during the severe 
stage of the illness However, there is no congruity m evidence, because 
there can be noticeable edema at the same time that the water test 
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Table 3 — Data Showing Watei Exaction in A FA 



Hemoglobin 





Date 

Percentage 

Time 

Diuresis 

Specific Gravity 

5/18/25 

25 

7- S 

192 


1019 



8- 9 

801 


1019 



9-10 

1421 

iSum 

1019 



10-11 

84' 

350 

1019 



11-12 

44J 


1020 



12- 6 






6- 7 

71 


1017 



7- 6 

6- 7 next morning 

70 


1012 

6/28/25 

29 

7- 8 

21 


1019 


8- 9 

681 

1 

1019 



9-10 

27 (Sum 

1018 



10-11 

176 

441 

1011 



11-12 

170J 


1009 



12- C 






6- 7 

95 


1016 



7- 6 

G- 7 next morning 

26 


1021 

C / 5/25 

46 

7- 8 

125 


1017 



8- 9 

1101 

1 

1011 



9-10 

325 1 

.Sum 

1004 



10-11 

3301 

1055 

1004 



11-12 

290J 


1006 



12- 6 






6- 7 

34 


1019 



7- 6 

6- 7 next morning 

78 


1024 

6/29/25 

GO 

7- S 

45 


1021 



8- 9 

156' 


1017 



9-10 

415 

Sum 

1007 



10-11 

340 

1161 

100S 



11-12 

250j 


1008 



12- 6 






G- 7 

18 


1022 



7- 6 

0" 7 ne\t morning 

100 


1024 



Table 4 — Data on Watei 

Exaction of S I 



Hemoglobin 




Date 

Percentage 

Time 

Diuresis 

Specific Gravity 

9/27/24 

49 

7- S 

200 

1024 



8- 9 

361 

1024 



9-10 

55 1 Sum 

1022 



10-11 

231 154 

1011 



11-12 

40J 

1017 



12- 6 

45 

1 018 



6- 7 

0 




7- 6 

0 




6- 7 next morning 

32 

1023 

10/30/24 

81 

7- S 

104 

1018 



8- 9 

781 

1014 



9-10 

470[Sum 

1004 



10-11 

265 f 885 

1006 



11-12 

72J 

1016 



12- 6 

0 




G- 7 

83 

1021 



7- 6 

0 




6- 7 next morning 

24 

1021 
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shows a normal or almost normal result, and also the reverse An 
example of the first case will be seen in table 6 , in the patient concerning 
whom data are given, there was a slightly noticeable edema with a posi- 
tive compression reaction on the arms and legs 

An example of a different course is shown in table 7ina case in which 
the excretion of water was greatly reduced in spite of the lack of 
evidence of manifest or occult edema 


Table 5 — Data on Water Excretion of L M 



Hemoglobin 





Date 

Percentage 

Time 

Diuresis 

Specific Gravity 

6/ 4/2 1 

76 

7- 8 

104 


1 010 



8- 0 

2121 


1007 



9-10 

4501 

.Sum 

1 005 



10-11 

1S0( 

900 

1007 



11-12 

58J 


1015 



12- 6 

290 


1014 



6- 7 

49 


1 023 



7-6 

310 


1 024 



6- 7 nevt morning 

46 


1022 

3/ 5/25 

40 

7- 8 

41 


1020 



8- 9 

25' 


1020 



9-10 

44 

Sum 

1 020 



10-11 

52 

171 

1 018 



11-12 

50, 


1012 



12- 6 

370 


1013 



6- 7 

80 


1 016 



7- 6 

470 


1018 



6- 7 next morning 

32 


1.020 



Table 6 — Data on 

Water Exaction of J 

C 



Hemoglobin 




Specific Gravity 

Date 

Percentage 

Time 

Diuresis 

3/10/25 

32 

7- 8 

86 


1013 



8- 9 

3151 


1004 



9-10 

365 1 

iSum 

1 004 



10-11 

571 

f 774 

1013 



11-12 

37j 


1015 



12- 6 



1016 



6- 7 

2G 




7- 6 

6- 7 nest morning 

25 


1017 


It seems that the excretion of water can give a more definite indica- 
tion of the actual condition than the edema, which is either m a stage 
of development or m a stage of resorption 


CAUSES OF EDEMA AND REDUCTION IN THE EXCRETION 

OF WATER 

Caukac Insufficiency — In an article published m 1905, Kraus 8 
says that he tried to determine, by means of clinical and experimental 


8 Kraus Berl klm Wchnschr , vol 4, 1905 
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data, the influence of fatty degeneration on the functional power of the 
heait His attempt, however, was without much result He concludes 
that “alles m allem mussen wir uns am Krankenbett doch wohl ehei 
auf den Standpunkt derjemgen stellen, welche die degeneratio adiposa 
cordis, zumal bei gleichzeitig dauernd erhohter Arbeit des Herzens, auch 
in den mittleren Graden mit Bezug auf die Leistungsfahigkeit 
keineswegs fur vollig bedeutungslos halten ” (Doubtless we must take 
the clinical attitude of those who consider degeneratio adiposa cordis 
[e\en though only a moderate degree], especially if associated with 
increased work of the heart, as exerting considerable influence on its 
performance ) 

However, the question appears doubtful Clinically, these patients 
do not have any positive indication of cardiac insufficiency, the dyspnea 
and tachycardia observed when the patient walks about are well 
accounted for by the lowered amount of hemoglobin with its accompany 


Table 7 — Data on Water Exaction of P N 



Hemoglobin 




Specific Gravity 

Date 

Percentage 

Time 

Diuresis 

1/19/25 

42 

00 

rt 

55 


1017 



S- 9 

431 


1017 



9-10 

50 ] 

Sum 

1 019 



10-11 

40! 

1G9 

1 019 



11-12 

36j 


1019 



12- G 

290 


1017 



0- 7 

36 


1 019 



7- G 

530 


1 019 



G- 7 next morning 

78 


1016 


mg lack of oxygen, and need not indicate a definite weakening of the 
heart muscle When a patient is at rest and in bed, these symptoms are 
not evident m spite of definite edema More important, however, is 
the fact that other stasis phenomena are lacking hypostasis pulmonum, 
stasis hepatis and stasis renum Fuithermore, m its localization the 
edema does not resemble cardiac edema It is more diffuse and often 
appears with edema of the face We are prone to be reserved m 
placing too great stress on the influence of a weakened functional power 
of the heart in the pathogenesis of edema or the reduction of the 
excretion of water 

Neplu opathy — That edema or the reduction m the excretion of 
water may be caused by a renal disturbance is a possibility that has 
received much more attention, recently, the majority of those who have 
studied this question have come to the conclusion that the symptoms are 
renal The fact is that the kidneys often are actually the site of slight 
pathologic anatomic changes sometimes accompanied by a slight change 
in the function of the kidney Anatomically, the kidneys (Makarow , 1 
Saltzman 2 ) are seldom normal, and they are often the site of mild 
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parenchymatous as well as interstitial changes As a lule, the changes 
are not definite, and they aie compaiatively seldom seen macroscopically 
When seen, they consist of a slight shunkage of the kidney, a slight 
1 oughness and gianulation of its suiface, a small adheient capsule and a 
lather small coitex Microscopically a moie 01 less extensive fatty 
infiltiation of the epithelia, othei degenerative piocesses m the epitheha 
and slight changes in the glomeiuli with an mciease in the intei stitial 
tissue aie found In some cases, these changes are evident and pio- 
nounced, doubtlessly the leason foi the foimer number of publications 
on the simultaneity of pernicious anemia and chionic nephutis Saltz- 
man 2 concluded that “The histological data indicates that in pernicious 
anemia nephiosis goes hand m hand with intei stitial and glomeruli 
changes ” 

Theie are manifold data concerning the function of the kidneys In 
the first place it is a long established fact that albunimu 11 a, although mild 
and, as a lule, tiansitory, is often a symptom of the disease Theie is, 
however, a diffeience of opinion concerning the fiequency of albumi- 
nuria It is most fiequently repoited by Cabot, 0 who found albuminuna 
in 236 of 506 cases (40 per cent) and cylmdiuiia m 119 cases (24 per 
cent) Saltzman 2 lepoited albuminuna m seven of eleven cases He 
stated that it was not decidedly maiked and was usually tiansitoiy, the 
greatest quantity observed being one pei thousand 

Retention of nitiogen has been the subject of much reseaich Kahn 
and Barsky 0 found a noimal amount of nonpiotem nitiogen and blood 
uiea m three cases and a normal function of the kidneys as detei mined 
by the phenolsulphonphthalem test Gettlei and Lindeman 9 10 examined 
thuty-two patients with pernicious anemia and found that m 12 per cent 
the amount of nonpiotem nitrogen was over 60 mg per hundred cubic 
centimeters and that in 18 pei cent, the blood uiea was over 40 mg per 
hundred cubic centimeters This high peicentage was obtained fiom 
compaiatively few cases Essen and Poiges 5 examined ten patients 
with pernicious anemia and found that the amount of nonpiotem 
nitrogen was noimal or nearly normal 

We examined the function of the kidneys in our patients partly by 
examining the urine for albumin and cylmdroids, paitly by the thio- 
sulphate test and paitly by van Slyke’s blood urea test We also took 
the systolic blood piessure (Riva-Rocci) 

Our examinations of the urine showed a slight tiace of albumin, 
as a transitory phenomena, in eleven of thuty-seven patients, in the 

9 Kahn and Barsky Chemistry of Pernicious Anemia, Arch Int Med 23* 
334 (March) 1919 

10 Gettler and Lindeman Blood Chemistry of Pernicious Anemia, Arch 
Int Med 26 453 (Oct ) 1920 
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uune of four there were a few cylmdroids In addition, six patients 
who had degeneration of the spinal cord with cystitis or cystopye- 
litis, had pyuria and gave a positive reaction to the test for albumin 
The urine of each patient was examined a number of times, but it is 
possible that had we examined it more often, the number of cases in 
which albumin and cylmdroids were present would have been greater 
The mam point, however, is that albuminuria was always a transitory 
phenomena, and that there was only a slight trace of albumin 

As a rule, the thiosulphate test was made with the water test The 
results are summed up in table 8 

If the normal limit excretion of thiosulphate is placed at 20 per cent, 
it will be seen that the excretion usually is normal Seventeen detei- 
minations were slightly under this limit In four of these, either a 
little of the thiosulphate was not injected into the vein, or the urine 
was voided three hours instead of four hours after the injection, making 
it impossible to complete the titering It is possible that these four cases 


Table 8 — Results of Thiosulphate Test with Water Test 


Thiosulphate excretion percentage 
Number of patients 

>25 

34 

25 20 

32 

20 15 

17 

15-10 

3 

<10 

2 

Table 9 

— Blood Uiea Determinations 



Blood urea in mg , percentage 

<30 

30-40 

40-S0 

50-00 

>60 

Number of patients 

34 

25 

21 

1 

5 


would be above the 20 per cent limit The remainder, as a rule between 
18 and 19 pei cent, are divided among normal determinations made on 
the same patient There were five determinations under 15 per cent 
Foui of these were made m two cases Both of the patients had degen- 
eration of the spinal cord with sphmctenc disorder and pyuria Judged 
by the thiosulphate test, we concluded that m uncomplicated cases of 
pernicious anemia there is only a doubtful or insignificant decrease in 
the function of the kidneys 

Next, the blood urea must be considered The eighty-six determina- 
tions are summed up m table 9 Twenty-one of the determinations 
were at the maximum of the normal limit It is doubtful, however, 
whether this is an indication of a pathologic condition Six of the 
determinations were beyond the maximum of the normal limit The 
tests were made on the same patient, a man with hydrops Macroscopic 
and microscopic examination of sections showed fibrous changes in the 
kidneys It is worthy of note that m this case there was either no 
decrease m the thiosulphate excretion or a doubtful decrease, a cir- 
cumstance that we cannot explain We also determined the blood urea 
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in four cases in which the water test or thiosulphate lest had not been 
pel f oimed The fiist patient had abnormally high determinations, 
83 and 73 mg per hundred cubic centimetei s, incontinence of urine 
and pyuria Macroscopic and nuci oscopic examination of sections of 
the kidneys showed model ately pionounced fibious changes The last 
patient also had an abnormal deteinunation, 66 mg per hundied cubic 
centimeters the day before death 

Finally, the blood piessuie must be consideied As a lule, the 
determinations weie low In two instances, theie was hypei tension 
Consequently, it can be considered that the blood piessuie is usually low 

In summaiy The tests show that generally theie is not a noticeable 
kidney insufficiency, but that, as a mle, the function of the kidneys is 
good It would seem unusual if nephiopathy could be a detei mining fac- 
toi m the origin of edema or the i educed excretion of water Further- 
moie, Kiogh, 11 Hagedoin and Rasmussen and Rehbeig 12 have pointed 
out that typical nepln otic edema accompanies albummui la, as the blood’s 
colloid osmotic piessure is lowered by the protein loss because the small 
and moie osmotic active piotein molecules preferably aie eliminated 
through the kidneys A large piotem loss of this land is never observed 
m pernicious anemia 

Hemoglobin Content — The next question is, how great is the 
significance of the anemia itself, i e , the low hemoglobin content in 
the production of symptoms 9 Essen and Poiges 5 expressed the opinion 
that the kidneys, as fai as the excietion of water is concerned, adapt 
themselves to the hemoglobin insufficiency by excreting an isotonic urine 

Oui data show that edema and l educed excietion of water do not 
always occur when the hemoglobin content is low Of couise, both 
the phenomena are present during i elapses and disappeai during the 
remissions, but in many instances, there is a noteworthy incongruity 
We often found a satisfactory four hour excietion of watei when the 
amount of hemoglobin was less than 50 per cent, on the other hand, 
we never found a i educed excretion, when the hemoglobin content was 
more than 50 per cent 

To be able to determine whether the low hemoglobin content causes 
these symptoms, we used the water test m cases of posthemorrhagic 
anemia We chose this type because in othei types of anemia (leukemia, 
cancer, etc ) a toxic factor may be present which could complicate the 
experiment Unfoitunately, we had only twelve cases of post- 
hemorrhagic anemia at our disposal for the experiment None of the 
patients had edema and eleven (table 10) had a normal excretion of 

11 ICrogh The Anatomy and Physiology of Capillaries, New Haven, Conn, 
Yale University Press, 1922 

12 Hagedorn, Rasmussen and Rehberg, cited in Krogh (footnote 11) 
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water m four hours with a pronounced change between the greatest 
dilution and the greatest concentiation These observations do not 
indicate that the low hemoglobin content is of great significance as a 
cause of edema and reduction m the excretion of water 

Osmotic Piesswe in the Plasma — Finally, we turned our attention 
to the plasma colloids and the colloid osmotic pressure in the plasma to 
deteimine whether a lowered amount of total protein and a lowered 
colloid osmotic pressure in the plasma could cause the edema and reduc- 
tion m the excretion of water Jaksch 13 and Grawitz 14 reported the 
occui rence of a small amount of total protein m the plasma Erben 15 
reported one case m which there was 5 2 per cent total protein m the 
plasma, 4 2 per cent albumin and 1 pei cent globulin with 15 per cent 
hemoglobin Kahn and Barsky 9 found a small amount of total protein 
m the plasma m three cases of pernicious anemia Gettler and Lmde- 


Table 10 — Data on Water Excietion m Twelve Cases of Posthemort hagic 

Anemia 



Hemo 

Pom 

Lowest 

Highest 


globin 

Hour 

Specific 

Specific 

Diagnosis 

Percentage 

Excretion 

Gravity 

Gravity 

Helena 

34 

885 

1005 

1019 

Anemia following abortion 

57 

994 

1004 

1026 

Helena 

44 

1,070 

1 003 

1027 

Anemia following abortion 

54 

1,290 

1003 

1024 

Hematemcsis 

34 

715 

1008 

1025 

Anemia following abortion 

40 

1,143 

1007 

1025 

Helena 

40 

537 

1007 

1029 

Helena 

45 

1,085 

1008 

1029 

Anemia following abortion 

55 

710 

1004 

1022 

Anemia following extraction of teeth 

50 

1,315 

1001 

1029 

Helena 

35 

760 

1 005 

1025 


man 10 reported the cases of thirty-two patients who had pernicious 
anemia and found that the refraction determinations m three fourths of 
them showed that the serum was below normal, and m some they found 
that the amount of total protein was smaller than m cases of severe 
nephrosis with edema This decrease at tunes was from 40 to 50 per 
cent below the normal determinations The specific gravity was pro- 
portionately lowered, so that 80 per cent of the determinations were 
below normal Essen and Porges 5 also found low lefraction Naegeh, 1& 
however, reported the opposite In his textbook, he said “Das Serumei- 
weiss ist meist in ungefahr normaler Menge (7-8% Eiwess) vorhanden, 
wie ich durch hunderte von refraktometrischen Untersuchungen ersehen 
habe Erne Hydramie besteht also im allgememen nicht Erst bei 

13 Von Jaksch Ztschr f klin Med 23 186, 1892 

14 Grawitz Berl klin Wchnschr 35 704, 1898, Khmsche Pathologie des 
Blutes, Leipzig, 1911, p 435 

15 Erben Ztschr f klin Med 40 266, 1900 

16 Naegeli Blutkrankheiten und Blutdiagnostik, Berlin, 1923, p 312 
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akuter Verschlechteiung smkt der Enveissgehalt Bleibt jedoch der 
Patient langere Zeit auf dein medngen Hb-wert, so stellt sich auch 
der Eiweissgehalt wiedei auf die Noim em Die Globulme stehen m der 
Mehizahl dei Falle an der obeien Gienze dei Norm (um 40%), zeigen 
m emzelnen Beobachtungen abei aufifalhg niednge Werte ” (The pio- 
tem value of the seium is generally about noimal [fiom 7 to 8 pei cent 
albumin], as I have seen m hundieds of lefraction tests Hence 
hydremia is not usually piesent Only m association with an acute 
exaceibation does the piotem content become lower If, howevei, the 
hemoglobin value is low for some time, the protein content again becomes 
noimal The globulin content m the majonty of cases is at the highest 
normal limit [about 40 pei cent], but in raie cases unusually low values 
aie seen) 

The fibnnogen has been given much study by Drmkei and Huiwitz 17 
They found a few patients with a noimal amount in the plasma 
Rusznyak, Baiat and Kurthy 18 found a high fibnnogen content with 
normal albumin and globulin deteinunations in some cases, and IT C 
Gram, 19 who made an exhaustive study of the subject, found a pio- 
nounced tendency towaid low deteinunations 

Of the foiegomg leseaich work, Gettlei’s and Lmdeman’s 10 is the 
most compi ehensive According to their data, a lowei amount of total 
protein is to be expected in severe cases 

In determining the pathogenesis of edema, howevei, it is of the great- 
est impoitance and interest to know whether there is lowered colloid 
osmotic piessuie in the blood Positive pi oof of this was obtained m only 
one case, repoited by Mayrs, 20 who found a colloid osmotic pressuie of 
264 mm of water in the seium, a total piotem amount of 6 0375 per cent 
and a colloid osmotic piessuie of 43 7 per gram of albumin There was 
no edema, and there is no mention of the peicentage of hemoglobin 
His normal detei mmations for the foiegomg factois weie 402, 7 875 
and 51, respectively 

We determined the amount of total protein and the colloid osmotic 
pressure m the serum of eleven patients with pernicious anemia, and in 
one patient with anemia caused by piegnancy and resembling pernicious 
anemia (table 11) 

We used Pulf rich’s refiactometei for the lefi action m detei mining 
the total protein in the seium The normal deteinunations as given by 
Reiss 21 vaiy from 7 to 9 per cent, those of Naegeli 10 from / to 9 1 per 

17 Drinker and Hurwitz The Factors of Coagulation in Primary Pernicious 
Anemia, Arch Int Med 15 733 (May) 1915 

18 Rusznyak, Barat and Kurthy Ztschr f klin Med 98 33/, 1924 

19 Gram, H C Disputats, Copenhagen, 1921, p 89 

20 Mayrs Quart J Med 19 273, 1926 

21 Reiss Verhandl d Versamml deutsch Naturr u Aerzte , 1904, p 36 



Table 11 —Eleven Patients zvith Pernicious Anemia and One with Anemia of Ptegnancy 
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cent, while in a small number we found that it varied from 6 98 to 8 28 
per cent We determined the serum’s colloid osmotic pressure with 
Krogh s osmometer The determinations were made under Professor 
ICrogh’s direction at the Animal Physiological Laboratory None of 
the patients had any indication of heart disease, there was no albumi- 
nuria nor increased blood pressure 

In looking first at the total protein in the serum, conformity with 
the foregoing results will be seen, as there is a loweied amount of total 
protein A proportionately lower amount of protein was found m other 
patients with pernicious anemia The decrease was pronounced, but 
not as extieme as in some nephrotic patients 

The colloid osmotic pressure of the serum is also lower Our noimal 
determinations varied from 401 to 325 mm of water with an average 
of 362, and in patients with pernicious anemia, from 324 to 248 This 
deciease is moderate, as we did not find the determinations as low as 
in patients with nephrosis, who in severe cases have a colloid osmotic 
pressure as low as 80 (Iversen and Nakazawa 22 ) 

Finally, in the last column is the colloid osmotic pressure per cent 
total protein Here our normal determinations varied fiom 54 to 44, 
with 47 4 as an average, not differing from the pressure found in cases 
of pernicious anemia, this makes it evident that the lowering of the 
colloid osmotic pressure is propoitional to the lowering of the amount of 
protein, or that this decrease is dependent on the quantitative and not 
on the qualitative changes in the plasma colloids In other words, the 
reduction m protein affects the larger molecular and the smaller molecular 
plasma colloids to the same extent 

There is a decided difference in this respect in nephrotic patients, 
whose colloid osmotic pressure according to the percentage of albumin 
is lowered because the smaller molecular plasma colloids lost in the 
kidneys cause a relative increase of the larger molecular plasma colloids 
in the blood 

The question now is whether this lowered amount of total protein 
and the moderate decrease in the colloid osmotic pressure can be the 
source of the edema and the reduction m the excretion of water m 
pernicious anemia 

In nephiotic patients, we found that the critical zone was between 270 
and 240 mm of water In this zone, the colloid osmotic pressure has 
a tendency to be the same or lower than the hydrostatic pressure in the 
capillaries Some of our determinations m pernicious anemia are m 
this critical zone This justifies us m believing that the low amount of 
protein and the low colloid osmotic pressure m the blood may 
be a contributing factor in the cause of edema m pernicious anemia. 


22 Iversen and Nakazawa Biochem Ztschr 191 307, 1927 
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and that m some cases it possibly is the dominating influence Unfor- 
tunately, v, e ha\e not had occasion to examine patients with the greatly 
pronounced edema occasionally found m extreme cases of pernicious 
anemia, but it is probable that m such cases a great reduction m the 
amount of protein and m the colloid osmotic pressure would be found 
There is reason to believe, howe\ er, that there is still one factor, 
ma)be more, which is instrumental m the pathogenesis of edema and 
the reduction m the excretion of w ater This seems to be true because 
there is no consistent parallelism between the amount of edema and the 
reduction m the excretion of w ater on the one hand, and the lowering 
of the colloid osmotic pressure on the other, one may find pronounced 
edema with a colloid osmotic pressure yvell above the critical zone It 
seems to be true also because there is one fact not yet explained, 
namely, m posthemorrhagic anemia there is no edema or reduction m 

Table 12 — Data on Colloid Osmotic Pressure m Three Patients 7 . 01 th 
Posthemorrhagic Anemia 


Colloid 
Osmotic 
Colloid Pressure 

Hemo- Serum Osmotic per Gm 

giobin Protein Pressure Protein 






Percent 


Per- 

in Mm 

in 31m 


Xo 

Date 

Xame 

Age 

age 

Edema 

centage 

Water 

Water 

Rem arte 

1 

10/28/10 

ytx T G 

34 

59 

- 

640 

272 

42 2 

Helena 

2 

11/15/20 

MrHPP 

55 

45 



590 

250 

424 

Helena 


12 6 '26 



40 

— 

5 63 

204 

46 5 

Helena 


12/18/20 



40 

— 

612 

277 

45 2 

Helena 

3 

12/ 1 20 

Hr C A. 

27 

35 



634 

277 

436 

Helena 


12/ S'26 



4G 

— 

6.55 

318 

48 C 

Helena 


the excretion of w T ater m most instances Table 10 shows that there was 
no indication of edema or a reduction in the excretion of water among 
the patients with posthemorrhagic anemia In some cases of the same 
type and intensity examined (table 12), it yvas observed that the colloid 
osmotic pressure was lowered and remained at the same level as m 
pernicious anemia This point requires more study, but our research 
indicates that there may be some other factor 

This factor may possibly be weakness of the heart with the conse- 
quent increase of hydrostatic pressure m the capillaries Or there is a 
possibility that in pernicious anemia during the severe periods, there may 
be a metamorphosis in the capillar)* w alls and an increased permeability 
for the plasma colloids 

From one patient w r e were fortunate enough to obtain about 2 cc 
of edematous fluid, w r hich on examination, w T as found to contain 1 I 
per cent of total protein , the colloid osmotic activity however, was 
not determined This is rather a large protein content, but m using 
such small amounts of edematous fluid mistakes undoubtedly* may occur 



439 


MEULENGRACH1 ET AL — PERNICIOUS ANEMIA 

through mechanical injury to the capillaries It is perhaps worth} of 
mention that Hess and Muller/ 3 in experiments with anemia caused 
by blood poisons, pyrodme and toluylendiammc, found edema m the 
experimental animals, and that the edematous fluid from the pleurae 
of these animals showed a high protein content (up to 6 per cent) which 
the authors think was due to a toxic injury and increased permeability 
of the endotheliums 

SUMMARY 

1 In pernicious anemia, edema frequently occurs, and the water test 
often show's a reduction m the excretion of water 

2 These symptoms are present during a relapse and disappear during 
a remission 

3 It does not seem probable that the symptoms are caused bv impair- 
ment of the function of the kidne) s or by the anemic condition, the low 
amount of hemoglobin 

4 In many instances a decrease in the total protein with a lowering 
of the colloid osmotic pressure m the plasma was found 

5 The lowered colloid osmotic pressure often occurs m the critical 
■zone of the origin of the edema, and may therefore be a contributing 
cause in the production of edema and probably as well of the reduction 
m the excretion of water in pernicious anemia One or more additional 
factors must also be present, however, possibly dilatation of the heart 
or an increased permeability of the capillary walls 


23 Hess and Muller Wien khn Wchnschr 27 121, 1914 



LORDOSIS AS A CAUSE OF POSTURAL 
ALBUMINURIA - 


MAURICE LEWISON, MD 
ELLIS B FREILICH, MD 

AND 

OSCAR B RAGINS, MD 

CHICAGO 

In the course of a study of various types of benign albuminuria, we 
have had an opportunity to study thoroughly the so-called postural 
albuminuria, m which albuminuria becomes manifest m certain persons 
if they assume the upright position and disappears if they assume the 
recumbent position Tins type of benign albuminuria is also spoken of 
as orthostatic or orthotic albuminuria 

Concerning this condition, there is still much controversy regarding 
the factors of its pioduction and causation Maxon, 1 who gave the 
eailiest description of the condition, called attention to the fact that the 
albummuiia was apparently not associated with evidence of renal dis- 
ease He distinguished an albuminuria of adolescence with a fairly 
permanent showing of albumin in the urine and a remittent type m which 
the albumin completely disappeared from the urine when the subject 
was recumbent and reappeared after assumption of the erect posture 
Pavy 2 reported a similar group of cases Stirling 3 first emphasized the 
importance of posture and its definite connection with the appearance 
and disappearance of the albumin m the urine Heubner 4 suggested 
the term “oithotic” and Tissier 5 the teim “orthostatic” 

The effect of exaggerated lordosis as a factor m the development of 
postural albuminuria was not stiessed until Jehle G published his exhaus- 
tive study on this condition He was so impiessed with the connection 
between the two that he suggested the term “lordotic albuminuria” 
Nassau, 7 however, pointed out that there were two distinct types of 
postural albuminuria, a type occurring without any lordosis and a type 
occurring m connection with exaggeiated lordosis 

* From the University of Illinois College of Medicine and the Mount Sinai 
Hospital 

1 Maxon, W Guy’s Hosp Rep 23 233, 1878 

2 Pavj, F W Brit M J 2 789, 1885 

3 Stirling, A W Lancet 2 1157, 1887 

4 Heubner, O Ueber chromsche Nephritis und Albuminuria im Kinder 
salter, Berlin, A Hirschwald, 1897 

5 Tissier, H Semame med 19 245, 1899 

6 Jehle, B Die lordatishe Albuminuria, Berlin, Julius Springer, 1914 

7 Nassau, E Ztschr f Kinderh 33 158 (Aug ) 1922 
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Various theories bate been advanced as to the cause of postural 
albuminuria Erlanger and Hooker 8 beliered that diminished pulse 
pressure was the cause and that the amount of albumin excreted 3, aried 
inversely to the magnitude of pulse pressure Mason and Erickson 51 
Bass and Wessler 10 came to similar conclusions Tissier c advanced the 
theory that the developmental defects of the glomeruli, with consequent 
increased permeability of the kidney, were the responsible factor 
Jehle c believed that mechanical interference with the renal circulation, 
such as is possible through the effect of marked lordosis, was the sole 

Result of Daily Urinalyses m Twenty-Five Cases of Lordosis Over a Period 

of Sir Months 


Case 

Age 

Sev 

Tv PC of 
Deformity 

Deformity 

Due to 

Urinalysis 

r — \ 

Albumin 3Iicro- 

A 31 P 31 scopic 

1 

14 

31 

Lordosis, scoliosis 

Poliomyelitis 

0 

0 

All negative 

2 

G 

F 

Lordosis, scoliosis 

Poliomyelitis 

0 

0 

411 negative 

o 

•J 

6 

F 

Lordosis 

Congential spas- 

0 

0 

AH negative 

4 

7 

F 

Lordosis 

tic deformity 
Poliomv elitis 

0 

0 

All negative 

5 

7 

31 

Lordosis, tilting 

Rickets 

0 

— 

All negatne 

6 

14 

F 

of pelvis 

Lor dos/s 

Poliomyelitis 

0 

0 

All negative 

7 

S 

31 

Lordosis, pelvic 
deformity 

Lordosis 

Poliomyelitis 

0 

0 

All negative 

8 

9 

31 

Poliomyelitis 

0 

0 

All negative 

0 

11 

F 

Lordosis 

Poliomyelitis 

0 

0 

411 negative 

10 

12 

F 

Lordosis 

Poliomyelitis 

0 


All negative 

11 

12 

F 

Lordosis, scoliosis 

Poliomyelitis 

0 

0 

All negative 

12 

11 

3r 

Lordosis 

Poliomyelitis 

Trace 

— 

All negative 

13 

16 

F 

Kvphoseoliosis, 

Rickets rouscu- 

Inconstant 


14 

11 

F 

lordosis 

Lordosis 

latrophj 

Spastic paralysis 

orthostatic 

albuminuria 

0 0 

All negative 

15 

8 

31 

^eohosis, lordosis 

Poliomyelitis 

0 

0 

All negative 

16 

19 

F 

Lordosis, pelvic 

Poliomyelitis 

0 

0 

All negative 

17 

18 

F 

deformity 

Lordosis 

Poliomyelitis 

0 

0 

All negative 

18 

15 

r 

Lordosis 

Poliomyelitis 

0 

— 

All negative 

19 

9 

31 

Scoliosis, lordosis 

Rickets 

0 

0 

All negative 

20 

8 

F 

Scoliosis, lordosis 

Poliomyelitis 

0 

0 

All negative 

21 

6 

F 

Lordosis 

Poliomyelitis 

Incon 

stant 


22 

11 

31 

Lordosis 

Spastic paralysis 

albuminuria 

0 0 

411 negative 

23 

7 

F 

Lordosis 

Poliomyelitis 

0 

0 

til negative 

21 

14 

31 

Lordosis 

Poliomyelitis 

0 

0 

All negatiye 

25 

12 

31 

Lordosis, scoliosis 

Poliomyelitis 

0 

0 

All negative 


cause Acute renal venous stasis ensues with retardation of venous 
circulation Owing to anatomic peculiarities, this stasis is more pro- 
nounced on the left side than on the right side 

However, Goetsky’s 11 careful observations, confirmed since by many 
observers, indicated that as a cause, exaggerated lordosis is probably 

8 Erlanger, J, and Hooker, D R Johns Hopkins Hosp Rep 12 145, 1904 

9 Mason, E H , and Erickson, R J Am J M Sc 156 64, 1918 

10 Bass, M H, and Wessler, Harry A Study of the Blood Pressure in 
Children Shoving Orthostatic Albuminuria, Arch Int Med 13 39 (Jan ) 1914 

11 Goetsky, F K H Zur Kenntms der orthotischen Albuminuria, Diss 
Berlin, August, 1910 
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unimportant Extended series o£ cases in which lordosis was pro- 
nounced, did not show albuminuria and, again, cases m which lordosis 
was not present, showed a large amount of albumin on change of 
posture 

In our study of postural albuminuria, we had frequently found it 
difficult to determine, to our satisfaction, whether the oithostatic 
albuminuria was due definitely to a lordotic condition or to some other 
factors Since there is no way of determining with certainty what 
degree of malposture constitutes a deviation from the noimal, we 
decided to select for our study, cases of unusually pronounced lordotic 
deformity 

We therefore selected a gioup of twenty-five crippled children and 
young adults In nineteen of this gioup, the deformity was due to a 
lesidual paralysis of poliomyelitis, three children had had severe rickets 
m infancy, m three others, the defoinuty was the lesult of a congenital, 
spastic paialysis The types of defoimities weie those of simple lordosis 
and of lordosis associated with vanous degiees of scoliosis of the dorsal 
and lumbar spme 

The patients were observed for six months All unnalyses were 
made on morning and afternoon specimens The mothers were 
instructed to collect the specimens of unne before the children got out 
of then beds Only those cases m which micioscopic observations in the 
routine unnalyses were persistently negatne were included m this 
group The urine was alkalmized in the cases of positive albuminuria 
and the effect on the excietion of albumin studied In two cases of 
persistent orthostatic albuminuria, the plasma proteins (fibrin, globulin, 
albumin), ammo-acids and uiea nitrogen weie deteinnned 

COMMENT AND CONCLUSION 

Conti ary to our expectation, out of this group of twenty -five 
definitely lordotic clnldien only three showed a persistent tendency to the 
orthostatic type of albummuna This, we find, is not higher, propor- 
tionally, than m other groups of postuial albummuna without definite 
lordosis Three otlieis showed the tendency inconstantly Removal of 
orthopedic appliances was followed by no observable change in the excre- 
tion of albumin Alkalmization of urine did not have any particular 
effect on the excretion of albumin The blood chemistry did not show 
any essential deviation fiom the normal, which agrees with the observa- 
tions of Schlutz and Swanson 12 

As a result of our observations, we believe that exaggei ated lordosis 
is an unimportant factor m the production of orthostatic albuminuria 

12 Schlutz, M F, and Swanson, W W The Plasma Protein in Postural 
Albuminuria, J A M A 87 1193 (Oct 9) 1926 



THE DEXTROSE-TOLERANCE TEST 


ITS USE IN THE DETERMINATION Or THE SEVERITY 
Or DIABETES MELLITUS 

MAX WISHNOFSKY, MD 

BROOKLYN 

When there is a disturbance in the functioning of an organ, appear- 
ing either as hyperfunction or hypofunction, it is desirable in most 
instances to be able to determine the degree of derangement In 
diseases of the thyroid, for instance, the basal metabolism can be cal- 
culated with mathematical exactness, the state of functional activity 
of that organ can be determined In heart disease, however, one must 
be content with a classification such as that proposed by the New 
York Society for the Study of Cardiac Diseases For other organs, 
tests have been devised, some of which accurately and some inaccurately 
portray the functional activity of the organ This paper is devoted 
to a study of some of the methods used to determine the severity 
of diabetes melhtus 

Joslin, 1 m his textbook on “Treatment of Diabetes Melhtus, ” 
suggests the following classification (c) severe cases — those in which 
the patients are able to metabolize from 0 to 10 Gm of dextrose daily, 
(&) moderate cases — those in which they are able to metabolize from 
11 to 50 Gm and ( c ) mild cases — those in which they are able to 
metabolize more than 50 Gm By dextrose is probably meant the dex- 
trose value of all foods metabolized All of the carbohydrates may 
be estimated as convertible wholly into dextrose Fifty-eight per cent 
by weight of protein is converted into sugar, as has been determined 
by Lusk from studies on phlonzmized dogs According to Woodyalt, 2 
the glycerin fraction of fat may be considered as dextrose and is equal 
to one-tenth by weight of the fat Macleod 3 considers the question 
of dextrogenesis from fat as not settled The dextrose value of foods 
may be tersely expressed m the following formula 

D = 1C+ 58P+ IF 

Another term which should be defined at this point is “dextrose balance ” 

* From the Department of Pathology and the Diabetic Clinic of the Jewish 
Hospital, Brooklyn, N Y 

1 Joslin, E P Treatment of Diabetes Melhtus, Philadelphia, Lea and 
Febiger, 1923, p 483 

2 Woodyatt, R T Objects and Methods of Diet Adjustment in Diabetes 
Melhtus, Arch Int Med 28 125 (Aug ) 1921 

3 Macleod, J J R Carbohydrate Metabolism and Insulin, New York, 
Longmans, Green & Company, 1926, p 123 
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By this is meant the difference between the amount of carbohydrate 
ingested and the amount of dextrose excreted m the urine It is 
evident that if the “dextrose balance” is to have any significance, the 
patient must be in nitrogenous and caloric equilibrium Even then 
one is uncertain as to whether only the food ingested was metabolized 
To Wood}att 2 foods are of significance m diabetes melhtus only 
so far as they give rise to dextrose or fatty acids He attributes to 
the internal secretion of the pancreas, so far as metabolism is concerned, 
but one function the control of the metabolism of carbohydrates 
He illustrates his conception by a study of one case (table 1) The 
patient was put successnely on diets 1, 2 and 3 On diet 1, which 
had a dextrose value of 159, he excreted 50 Gm of dextrose This 
gave a dextrose balance of 109 Gm Diets 2 and 3 were entirely 


Table 1 — The Devtiose Balance Pioduced with Different Test Diets m a Case 
of Diabetes Mellitus, Observed by Woodyatt 


Diet 

Cirbo 

hydrate Protein 

Pat 

Total 

Calories 

Dextrose 

Value 

Dextrose 

Excreted 

Dextrose 

Balance 

l 

92 

103 

70 

1,436 

159 

50 

109 

2 

84 

11 

162 

1,836 

11G 

0 

116 

3 

28 

lib 

1G0 

2,054 

112 

0 

112 


Table 2 — WtldeVs Observations of the Devtiose Balances in a Case of Diabetes 
Mellitus Undo Influence of Test Diets 


Diet 

Car bo 
hydrate 

Protein 

Pat 

Units of 
Insulin 

Dextrose 

Value 

Calories 

Dextrose 

Excreted 

Dextrose 

Balance 

Blood 

Sugar 

1 

112 

45 

142 

15 

152 

1,956 

9 5 

142 5 

0 22 

2 

41 

159 

118 

15 

145 

1,907 

47 

93 

023 


different from diet 1, in respect to both total number of calories and 
the proportions of the various foods Diets 2 and 3 did not cause 
glycosuria This gave dextrose balances of 116 and 112, respectively, 
which were almost equal to the dextrose balance produced with diet 1 
Woodyatt concludes that dextrose is the sole food of importance in 
diabetes melhtus, and that it matters little whether the dextrose is 
derived from proteins, carbohydrates or fats If we are to accept 
his conception, then the classification of Joslin, mentioned previously, 
is sound One strong criticism may be offered the patient was not 
in either caloric or nitrogenous equilibrium Under these circumstances 
little significance could be attached to the dextrose balances 

Wilder and his collaborators, 4 from the study of a case (table 2), 
reach conclusions that are completely at variance with those of 
Woodyatt 


4 Wilder, R M , Boothby, W M , Baborka, C J , Kitchen, H D , and 
Adams, S F Clinical Observations on Insulin, J Metab Research 2 701, 1922 
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Diets 1 and 2 were isocaloiic and isosaccharm, in diet 1, most of 
the dextrose was derived from cai bohydrates, and in diet 2 from pro- 
teins With each diet the patient received 15 units of insulin On 
diet 1, he excreted 9 5 Gm of dextrose, giving a dextrose balance 
of 142 5 Gm On diet 2, he excreted 47 Gm , giving a dextiose balance 
of 98 Gm It is not within the scope of this papei to discuss the 
reasons for these results They definitely contradict the conclusions 
of Woodyatt 

Of great importance is the work of Allen 5 6 on the influence of 
fat and total number of calories on diabetes and on the lequirement 
of insulin He has shown that an increase in the amount of fat in 
the diet raises the insulin requirement out of all proportion to the 
amount of sugar derived from the fat An increase m the total number 
of calories has a similar effect He concludes that insulin is concerned 
with the metabolism of all foods — carbohydiate, protein and fat — 


Table 3 — Compauson of Diets Used by Joshn with Those Used by Ncwbmgh 

and Mai sh 


(a) Joslm’s Diets 

Carbohydrate 

Protein 

Pat 

Calories 

Test diet 1 

181 

4G 

44 

1,304 

2 

101 

35 

43 

931 

3 

0G 

U 

37 

G93 

4 

Si 

15 

30 

4G0 

Maintenance diet no 12 

(b) Newburgh and Marsh Diets 

159 

8-1 

135 

2,187 

14 

10 

90 

900 


15-20 

28 

140 

t-* 

8S 

O © 


25-30 

30-40 

170 


and with anabolic as well as catabolic processes He stresses also 
the paradoxic so-called “law of dextrose,” namely, that the inclement 
in the dosage of dextiose is always greater than the increment of 
excretion The test and maintenance diets employed by Joshn 0 are 
utterly different in the proportion of the various foods from those 
utilized by Newbuigh and Marsh 7 (table 3) 

It is evident that a classification of diabetes which takes into account 
only the dextrose of the diet of a patient who is on a mixed diet is 
fallacious 

Joshn 1 proposes another classification, which is moie in conformity 
with the woik of Wilder 4 and Allen 0 It is based on the requirement 
of insulin when the patient is ingesting 1 Gm of carbohydrate, 1 Gm 
of protein and 2 Gm of fat per kilogram of body weight If insulin 

5 Allen, F M Influence of Fat and Total Calories on Diabetes and the 
Insulin Requirement, J Metab Research 3 61, 1923 

6 Joshn, E P Treatment of Diabetes Mellitus, Philadelphia, Lea and 

Febiger, 1923, p 493 

7 Newburgh and Marsh, quoted by Joshn (footnote 1, p 527) 
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is not required, the case may be considered mild , if less than 30 units 
are required, moderate, and if more than 30 units, severe This 
classification is sound, although the low diet would cause a negative 
caloric balance The objection to it is that the diet is fixed The 
degree of mildness is not determined Another consideration is the 
method of administration of insulin , divided doses are far more potent 
than a single large dose containing the same number of units The 
dextrose equivalent of insulin diminishes with increase in dosage 

It may be assumed that both methods of determining the tolerance 
take into account the amount of glycosuria A criticism that may 
be offered is that they do not take into consideration the marked 
differences m renal threshold m diabetic patients If, for example, 
two persons with diabetes who have different renal thresholds, but 
whose pancreases are equivalent so far as functional activity is con- 
cerned are put on the same diet, and this diet is in excess of their 
tolerance, the one with the lower renal threshold will excrete far more 
dextrose and will be considered to have the more severe diabetes 
Although the functional activity of the pancreas is the same m each, 
the one with the higher threshold appears to have the milder case, 
because he is given more time in which to metabolize the food The 
high renal threshold acts as a compensating mechanism This phase 
of the subject will be amplified later 

THE DEXTROSE-TOLERANCE TEST AS A METHOD FOR THE 
DETERMINATION OF THE SEVERITY OF 
DIABETES MELLITUS 

A dextrose-tolerance test v r as made on seventeen patients suffering 
from diabetes of varying degrees of severity Each patient after 
fasting fourteen hours received 100 Gm of dextrose From each 
of these patients four blood specimens were taken one, at the “fasting 
level,” immediately before ingestion, and three at forty-five minutes, 
tv r o hours, and three hours after ingestion, respectively The sugar 
content of the blood was determined by the Kramer-Gittelman 
method s , blood for this test is obtained by pricking the finger tip 
It u r as shown by Foster 8 9 that the content of sugar in such blood is 
identical with that m blood derived from the radial artery, in other 
w'ords, blood from the finger tip may be considered arterial blood 
In the state of fasting, the blood sugar concentration of venous is 
equal to that of arterial blood , after the ingestion of dextrose, however, 
the sugar concentration of venous becomes less than that of arterial 

8 Kramer, B , and Gittelman, I F Technic for Quantitative Estimation of 
Glucose m Small Amounts of Blood, J A M A 81 1171 (Oct 6) 1923 

9 Foster, G L Some Comparisons of Blood Sugar Concentrations m 
Venous Blood and in Finger Blood, J Biol Chem 55 291 (Feb ) 1923 
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blood, supposedly because the muscle cells take up dextrose Mod 
investigators have found the diffeience to be less in diabetic patient 
This fact is not of importance so far as this work is concerned 

The curves poitraying dextrose toleiance are recoided in table 4 
The vanous features of the test will be discussed separately 

Dosage — The ideal method of administration would be the timed 
intravenous injections as proposed by Sansum and Wood)-att 30 Thc\ 
showed that in man the injection of as much as 0 85 Gm of dextrose 
per kilogram of body weight per hour did not cause glycosuria Foi 
obvious reasons, their method is not feasible foi ordinary pui poses The 
dosage chosen in this experiment was 100 Gm of dextrose given in the 
form of a 50 per cent solution This is the amount also employed bv 


Tabll 4 — St trjai Conccnh ation of Blood and Exaction of Devhoie m Duibclct m 
Tests Made Pcuodtcally Following Admtniilt ation of 100 Cm of Dcxtioic 




Blood Sugar Concentrations 




r 

rastlnftr 

45 Minutes 

2 Hours 

3 Hours 



Level, Before 

Afti r 

After 

After 

1>< \tro°r 

Case 

Tnge'-tlon 

Inge'-tlon 

Ingettlon 

In^c^tlon 

1 'frrtol’ 

1 

172 

2G0 

333 

337 

9 0 

2 

173 

3G0 

8' J C 

297 

1 0 

3 

177 

ooo 

u- 

9 47 

?~r 

30 3 

4 

181 

2C0 

274 

199 

8 0 

5 

184 

201 

279 

248 

18 0 

0 

180 

814 

219 

180 

13 G 

7 

207 

331 

317 

343 

13 4 

8 

203 

309 

217 

217 

2 0 

a 

218 

377 

401 

293 

12 7 

to 

222 

25') 

'’SS 

op y 

7 7 

n 

222 

380 

402 

420 

2" » 

12 

213 

°00 

403 

339 

31 0 

it 

219 

892 

423 

377 

17 7 

14 

289 

411 

522 

4G7 


13 

298 

255 

428 

897 

10 2 

1C 

307 

411 

410 

370 


17 

393 

574 

070 

4 41 

31 7 


* Grams excreted In three hour period 

Hdmman and Hir&chman,” John and others Janney and Isaacson 1 
gave 1 75 Gm of dextrose per kilogram of body weight, holding that 
the “dextrose load” should be proportional to the weight of the indi- 
vidual Gray u has shown that in a normal person, the maximal rise 

10 Sansum, W D , and Woodyatt, R T Studies on Theory of Diabetes 
VIII Timed Intravenous Injections of Glucose at Lower Rates, J Biol Chcm 

30 155 (May) 1917 

11 Hamman, L, and Hirschman, I I Studies in Blood Sugar, Arch Int 
Med 20 761 (Nov) 1937 

12 John, H J Glucose Tolerance Test and Its Value in Diagnosis, J Metal) 
Research 1 497, 1922 

13 Janney, N W, and Isaacson, V I Blood Sugar Tolerance Test, J \ 
M A 70 1131 (April 20) 1918 

34 Grav, H Blood Sugar Standards, Normal and Diabetic, ‘\rch Int Med 

31 241 (Feb ) 1923 
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in blood sugar concentration is the same for a dextrose load of 20 
Gm as for one of 200 Gm An increase m the dextrose dose admin- 
istered to a diabetic person would result merely m the prolongation 
of the curve 

In a normal pei son, given 100 Gm of dextrose on a fasting stomach, 
the concentration of sugar in the blood proceeds as follows The max- 
imal increase usually occurs at the end of one-half hour and is rarely 
more than from 30 to 50 per cent above the concentration at fasting 
level, at the end of two hours, the fasting level — and many times a 
value even lower than that — should be regained Glycosuria should 
not occur In diabetic patients, the curve is entirely different 

Fasting Level — The average concentration of sugar in the blood 
of normal persons when fasting is 0 09 per cent As a rule, it is 
higher m diabetic patients Treatment may cause it to fall to normal 
During the so-called inanition treatment, it may fall to a value below 
normal The very high values are obtained m cases complicated by 
severe acidosis, especially those comatose and in which nephritis 
is present Even in cases m which the fasting level is normal, 
the blood sugar concentration may rise to enormous values during a 
dextrose-tolerance test As a rule, however, this is not the case On 
inspection of table 4, it can be seen that, with some exceptions, the 
fasting level is proportional to the height of the curve When one 
compares the fasting level with the amount of dextrose excreted in 
three hours, it is noticed that a definite relationship cannot be established 
between them 

Character of Cwve — In the majority of cases of diabetes, the maxi- 
mal increase in dextrose concentration occurs either one hour or two 
hours after ingestion This is not due to deficiency in absorption, 
for it is reasonable to assume that the rate of absorption m diabetic 
persons does not differ from that in normal persons, and in the latter 
the maximal blood sugar concentration usually occurs at the end of 
one-half hour The blood sugar concentration does not reach the 
fasting level for from four to nine hours 

Glycosuria — Hamman and Hirschman 11 and others find the renal 
threshold of normal persons to be about 170 mg of dextrose per 
hundred cubic centimeters of blood Roe and Irish, 15 in a study of 100 
cases of diabetes, found threshold values ranging from 80 to 310 They 
believe that the co-existence of nephritis is the cause of the high thres- 
hold values They also found that the threshold varies markedly m the 
same individual John 12 concludes that the renal threshold for dextrose 
is definitely raised m many cases of diabetes, and that the more pro- 

lo Roe, J H , and Irish, D J Sugar Threshold in One Hundred Diabetic 
Cases, J A II A 84 1406 (May 9) 1925 



WIS HNOESKY— DEXTROSE-7 OLERANCE 7 ESI 


449 


U acted and severe the case, the higher the threshold Williams and 
Humphreys 3G concui in this view Macleod 17 states that the toxic 
effect of a high content of sugar in the blood lenders the kidney 
impermeable to it Faber and Norgaard, 18 also Hagedorn, 30 occup\ 
a unique position on this question They do not find any relationship 
between the dextrose threshold and age, sex or the duration of the 
illness They believe that the threshold is peculiar to each person 
and is immutable 

In a normal individual, the respiratory quotient during a dextiose 
tolerance test rises to 1, and even above 1 if there is conversion of 
dextrose to fat The body suddenly flooded with dextrose concentiates 
on storing and oxidizing it , the metabolism of fat and protein is reduced 
to a minimum It is reasonable to assume that a similar state exists 
m diabetic patients, that the insulin secreted by the panel eas will 
devote itself almost entnely to taking care of the dextrose The 
obstacle which confronted one in the previous classifications, namely, 
that the patients were on mixed diets, has been obviated in these 
experiments 

I shall now considei the l elationslup between the amount of glyco- 
suria and the character of the blood-sugar cuive (table 4) The curve 
of the blood sugar concentration of case 8 is definitely higher than 
that of case 6, but in the latter five times as much dextrose was excreted 
during the three horn period The cuives foi cases 13 and 15 are 
only slightly lower than that for case 12, but in the latter there was 
excretion of twice as much dextiose The curve foi case 17 is markedly 
higher than that for case 12, but the amount of glycosuria was the 
same It can be seen that the high lenal threshold causes a reduction 
in glycosuria The amount of glycosuria cannot be taken as an index 
of the severity of diabetes 

The question now to be considei ed is this To what extent maj 
the chaiacter of the blood sugar cuive — that is, the height and 
the length — be taken as an index of the severity of diabetes 5 Foui 
possible influences on the curve must be considered dosage, variations 
m absorption of dextiose, blood volume, and lenal threshold 

The dose here is uniform, 100 Gm of dextrose are given to each 
patient It was stated before that Janney and Isaacson give 1 75 Gm 

16 Williams, J R, and Humphreys, E M The Clinical Significance of 
Blood Sugar in Diabetes Mellitus, Arch Int Med 23 546 (May) 1919 

17 Macleod, J J R Recent Work on the Physiologic Pathology of Diabetes, 
JAMA 62 1222 (April 18) 1914 

18 Faber, K, and Norgaard, K The Relation Between Glycosuria and 
Glycemia, Acta med Scandinav 53 666 (Jan) 1921 

19 Hagedorn, H C On the Threshold Value of Ghcosuria, 4cta med 
Scandinav 53 672 (Jan ) 1921 
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per kilogram of body weight It must be remembered that in persons 
who are overweight there is much inactive tissue 

The volume of blood mci eases with increase m weight, but not 
directly, a thin person has proportionately more blood than an obese 
one When the blood sugar concentration is high, 0 4 per cent, foi 
instance, the total dextrose content of the blood of an obese individual 
may be considerably greater than that of a thm one 

It has been shown that the rate of absorption of dextrose varies 
considerably m different individuals 

The matter of variation in renal threshold has been discussed fully 
in foregoing paragraphs 

To what extent is the character of the blood sugar curve influenced 
by these variables ? Cursorily, one would state that these factors 
influence it markedly Gray 14 and many others have tested the influence 
of vanous “dextrose loads” on the charactei of the blood sugar curve 
Gray has summarized the woik of many authors He showed that 
m normal persons, although the dextrose load varied fiom 20 to 200 
Gm , the height of the blood sugar curve was the same m each case 
He found that tne height of the blood sugar cuives m diabetic patients 
with the same fasting levels was the same legardless of whethei the 
dextrose load was 50 or 100 Gm Small doses, down to even 10 Gm , 
were suggested by Hannnan and Hirschman, who wrote “The general 
featuies of the diabetic sugai curve aie faithfully reproduced by patients 
leceivmg, on account of the severity of the disease, smaller amounts 
of glucose ” Apparently, the effect of the large doses is to prolong 
the curve These observations, it appears to me, definitely reduce the 
■variables mentioned to negligible factors 

A most important function of the pancreas (insulin) is to maintain 
a normal blood sugar concentration The functional activity of the 
pancreas may be judged b> its ability to do so The height of the blood 
sugai curve may tentatively be accepted as an index of the 
severity of the diabetes The severity is not directly propoitional to 
the height of the cuive, for it has been shown by Allan 20 and others 
that the dextrose equivalent of insulin is greater when the dose of 
insulin is reduced and also when the amount of dextrose is increased 
The patients were on maintenance diets previous to the performance 
of the dextrose tolerance test The test is not valid when made on 
diabetic patients who have fasted several days, for it has been shown 
that normal rabbits who have been kept from food for several days 
will have diabetic dextrose tolerance curves 

A question v Inch is relevant to this subject is this Does the admin- 
istration of dextrose lead to a breaking down of tolerance 7 Carbo- 

20 Allan, F N Glucose Equivalent of Insulin in Depancreated Dogs, Am 
J Phjsiol 67 275 (Jan) 1924 
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hydrate has always been considered the bctc noire of diabetic pci sons 
Joshn 21 deprecates the use of dextrose-tolcrancc test, although he has 
never seen a diabetic patient injured by it Older-- also aigues that on 
theoretical grounds the giving of large quantities of dextrose is harmful 
Hamman and Hirschinan, 30 in the dextrose-tolerance tests performed 
on diabetic persons, used from 10 to 100 Gm of dextrose, depending on 
the seventy of the case Allen/ in his work on partially depancrcati/ed 
dogs, found that excessive feeding of carbohydrates, especially when 
given in a readily absorptive form, such as dextrose, leads to a rapid 
breaking down of tolerance He elaborates on the theory of “overstrain” 
of the b-cells of the islands of Langerhans, which leads to hydiopic 
degeneration However, there is no other animal tissue, so far as 
I am aware, m which structural changes similar to those observed 
in the islands occur as a result of overstrain Macleod -’ states “It 
would be almost unique as an etiological factor, the only othei known 
instance being in an experiment by Barany, in which structural changes 
were observed to occur in the cells of the nucleus acusticus as a result 
of the receipt by them of persistent sound impressions ” Jensen and 
Carlson 2 "‘ agree with Macleod and state that the usual result of overstiam 
is marked hypertrophy, not atrophy Wilder and his associates 1 showed 
that the dextrose derived from protein requires far more insulin foi 
metabolism than do the carbohydrates I observed for several months 
seven patients who had had two dextrose tolerance tests performed 
two days apart None of these patients showed the slightest change 
m tolerance as a result of this procedure I believe that it is innocuous 

SUMMARY AND COXCLLSIONS 

Various methods for determining the seventy of diabetes arc dis- 
cussed Classifications which take into account only the amount of 
glycosuria are fallacious, for insulin is concerned with the metabolism 
of all foods — carbohydrates, proteins and fats Such classifications 
are also vitiated by the fact that the renal threshold for dextrose is 

21 Joshn, E P Treatment of Diabetes Mclhtus, Philadelphia, Lea k 
Eebiger, 1923, p 170 

22 Oilier, W R Lessons to Bo Learned from Repcate d Glucose I olcrance 
Tests, Med Clin N Amer 5 1465 C March; 1922 

23 Allen, F M Production and Control of Diabetes in the Dog, Effects of 
Carbohydrate Diets, J Exper Med 31 381 f April ) 1920 

24 Macleod, J J R Carbohydrate Metabolism and Insulin, Nev York, 
Longmans, Green and Compan>, 1926, p 53 

25 Jensen, W W, and Carlson, A J Apparent Influence of Diet of Carbo- 
hydrates on Pancreas Remnant of Partialh Pancreatcctomi7cd Dog= Am J 
Phesiol 51 423, 1920 
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different foi each person A high lenal threshold, which acts as a 
compensating mechanism, would mask a severe case 

The dextrose toleiance test as a method for determining the severity 
of diabetes is consideied It is shown that the amount of glycosuria 
occurring during the test cannot be taken as an index of severity 
because of differences in renal threshold in different individuals It 
is shown that the height of blood sugai curve m such tests, however, 
may be accepted as a criterion of the gravity of diabetes 
544 Williams Avenue 



Book Reviews 


Pathological Piivsiology or Internal Diseases Functional Pathology 
By Albion Walter Hewlett Revised in memoriam by his colleagues 
With 164 illustrations New York D Appleton & Company, 1928 

The third edition has been prepared from the notes left by Doctor Hewlett 
and represents a memorial tribute to the great clinician and physiologist who died 
in the prime of life There has been a complete and thorough revision of the 
entire \olumc so as to include recent developments in physiologic and clinical 
fields 

To the chapter on the heart are added the theory of circus movement, the 
use of quinidmc in auricular fibrillation, the discussion of clinical ventricular 
fibrillation, and mention of the new work on the relation of the cervical sympa- 
thetic to angina pectoris 

The chapter on digestion includes the recent work of Ivy on the various 
phases of gastric secretion, Bloomfield and Keefer’s method of gastric analysis 
and other aspects of gastro-intestinal physiology Insulin is included in the dis- 
cussion of diabetes mellitus, and the newer work on the relationship of changes in 
the energv metabolism to obesity is taken up The discussion of the vitamins 
has been brought up to date down to vitamin E 

The chapter on the acid base equilibrium has been extensively modified and 
enlarged to make room for the work of the Henderson and Van Slyke schools, 
and is really a model chapter The same comment applies to the chapters on 
respiration and carbohydrate metabolism In the discussion of renal function, 
perhaps too much space is gnen to Schlaycr’s tests and insufficient mention made 
of the urea concentration tests as devised by Addis and others Furthermore, renal 
edema is still discussed largely from Widal’s point of view and not enough from 
the plnsiologic aspects of fluid exchange, including the question of the osmotic 
pressure of plasma proteins and other factors It seems to the reviewer that 
the plasma proteins might be taken up in a chapter on renal edema rather than 
in a discussion of “hjdremia,” because the latter term itself might just as well be 
left out entirely m view of its misinterpretation by many 

Taken as a whole, however, this book represents probably the best of its kind 
not onlj in the English language but m any language, and is, therefore, a fitting 
tribute to the memory of the late Doctor Hewlett 

S'iiuiiLis und Innere Medi7in, III Die Syphilis des Zirculations- une> 
Respiration-Traktes umi her Innersekretorisciien Drusen Syphilis 
lnd Blltkrankiieiten By H Schlesinger, Director of the third 
medical division, Allgemeine Krankcnhaus, Vienna Pp 234 Price, 18 
marks Vienna Julius Springer, 1928 

This volume comprises a fairly complete treatment of the many aspects of 
sjphilis of the cardiovascular system, endocrine glands and the relation between 
syphilis and diseases of the blood Syphilis of the pulmonary system and the 
special problems presented by coincidental syphilis and pulmonary tuberculosis are 
considered fully 

The more important subjects are taken up according to pathology, diagnosis, 
prognosis and therapy Hie more uncommon conditions are aptly illustrated by 
the author’s own cases General syplnlologic principles are interwoven more 
adequately than in most publications from the internist’s pen 

A few American authors are quoted The author states that antisyphilitic 
therapy is becoming more and more the function of the general practitioner, 
internist and neurologist This is in contrast to the situation m this country, 
where antisyphilitic therapy has reached a higher degree of perfection, encouraging 
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centralization under one head, with excellent diagnostic and follow-up cooperation 
on the part of other specialists 

The author erroneously states that original “salvarsan” is the drug of choice 
for therapy of cardiovascular syphilis m this country, and does not mention the 
extensne use, intramuscularly, of sulpharsphenamine for the purpose of aioiding 
vascular shock in these cases He discusses the arsenical spirocide (acetarsone 
[stovarsol]) for oral administration 

It is advantageous to restrict the activities of patients with syphilitic aortitis 
more rigorously than suggested It would hardly be advisable to allow 7 an 
American patient to partake of dancing, swimming and physical sports, even m 
restricted measure 

This work fills a real need for a more or less encyclopedic treatment of these 
internal medical problems m the realm of sy philology 

Local Immunizations By A Besredka, translated by Harry Plotz Price, 
$3 50 Baltimore Williams and Wilkins Company 7 , 1927 

This small book is divided in five chapters Anthrax, Staphylococcus, Strepto- 
coccus Infections, Dysentery, and Typhoid Fevers, the last chapter is devoted to 
a discussion of theory 

The chapter on anthrax is the best of the group The experimental evidence 
is most comincing The staphylococcus is next in order of completeness The 
chapters on dysentery and on ty r phoid are not so thoroughly treated “Bilivaccm” 
pills that are u ed so extensively 7 m oral vaccination are not described any 7 place 
in the book The wet dressings with filtered staphylococcus cultures or the 
“antivirus” (Besredka) should be of general interest as a prophylactic active 
immunization procedure There are great possibilities for the use of streptococcus 
in thu connection 

The book is u 7 ell written and is easy 7 to read The whole theory 7 is something 
new and opens up a large and almost unexplored field 

Dental Infection and Sastemic Disease By Russell L Haden Price 
S2 50 Illustrated with 63 engrav mgs Philadelphia Lea & Febiger, 1928 

In this small, well illustrated volume, there is an excellent presentation of the 
problems of dental infection and a good description of the radiographic and 
clinical methods of diagnosis Unfortunately, the author’s news and his experi- 
mental work are so saturated with an uncritical enthusiasm for Rosenow’s theon 
of “elective localization” that the book is full of misrepresentations and dogmatic 
statements The attempt to diagnose metastatic infection m patients from the 
results of inoculation into ammais of bacteria obtained from roots of teeth is 
almost ludicrous as it is presented in some of the case reports One wonders why 
rabbits do not develop “elective localization” of bacteria in the site most frequently 
involved in patients — the peri-apical tissues of the teeth The author comes back 
to earth and to solid clinical common sense in parts of the concluding chapter 
when he discusses w 7 hat should be done for focal dental infection m various types 
of patients 

Practical Gastroscopa By Jean Rachet, M D , Paris Authorized Transla- 
tion by Fred F Imianitoff, Brussels Price, $5 50 Pp 148 New York 
William Wood & Company, 1927 

This book is a complete survey of the subject of gastroscopy After a brief 
prelude of the historical periods and the principles underlying the design of a 
gastroscope, the author proceeds to the gastroscopic examination, "bringing out 
clearly its indications and contraindications In chapter IV he presents the 
results obtained and shows several excellent roentgenograms His conclusions 
as to the results obtained, and the future of gastroscopy are those of one well 
acquainted Avitli lus subject The book can be recommended to all interested 
in this phase of gastro-intestmal work 
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CHANGES IN THE FUNDUS OCULI AS A DEFINITE 
INDEX TO ARTERIAL DISEASE 

ANALYSIS OF ONE HUNDRED CASES' 1 ' 

S A AGATSTON, MD 

NEW \ORK 

It is umveisall) recognized that marked changes of the retinal arteries 
are associated with changes in the organs, particularly in the kidneys 
That changes m the fundus can be found in general arteriosclerosis and 
in interstitial neplmlis in then incipiency, and that such changes are syn- 
chronous with corresponding changes in the kidney and other organs, 
has not been sufficient!) emphasized While much has been written, the 
trouble has been that the ophthalmologist has not delved deeply enough 
into the medical aspect, and the internists are not sufficiently keen with 
the ophthalmoscope 

It is my contention that sclerosis of the artei ides of the kidney and 
brain cannot exist m the absence of a similar condition of the retinal 
arteries, and normal retinal \ essels definitely exclude interstitial nephritis 
of the sclerotic type (small contracted kidney) Nephritis, or 
“nephrosis,” such as is encountered following one of the infectious dis- 
eases, or possibl) is caused by focal infection and is chaiactenzed by 
considerable albuminuria, may exist without arterial disease The 
fundus in these cases may be noimal or may sometimes show albummunc 
neuroretinitis without any, oi with slight, sclerotic changes in the retinal 
arteries To support this theory, I have compiled a number of cardio- 
vascular cases fiom the medical seivice of Montefiore Hospital with a 
stud) of blood pressure, blood chemistiy and kidney function in relation 
to the appearance of the fundi 

Changes in the retinal aitenes coi respond to the degiee of develop- 
ment of arterial disease in the organs and in the brain To facilitate their 
recognition, I have numbered them in the order of their usual appear- 
ance, as pointed out in a previous paper 

(1) Increased light reflex In young persons, the light falling on the arteries 
and veins creates a white line coursing unsteadily on top of the vessels This is 
a manifestation of what is known as juvenile reflex, and is accompanied by a 
silvery shimmer of the retina Older patients with normal arteries show only a 
slight reflex 

*Read before the Section on Ophthalmology, New York Academy of 
Medicine, Jan 16, 1928 

* From the Medical and Neurological Service of Montefiore Hospital 
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(2) Reflex more marked The color and caliber of the arteries is unchanged, 
but there is a slight pressure effect on the reins By the latter is meant the effect 
on the outline of the vein as a sclerotic artery passes over it In proportion to 
the degree of sclerosis, the lumen of the vein is attenuated, or the vein may 
actuallj disappear for a short distance as it passes under the artery In this 
second degree, there is onlj a slight narrowing of the vein 

(3) Copper wire arteries The arteries become slightly narrower than normal, 
somewhat une\en in caliber and decidedly paler Pressure effect on the veins is 
marked 

(4) The same as (3) with tortuosities of the small branches of the arteries 
and \eins, particularly in the region between the disk and the macula 

(5) The same as (3) and (4), wuth marked tortuosities wnth small hemor- 
rhages and exudates 

(6) Perivasculitis, with occlusion of small branches 

(7) Edema of the disk with larger exudates and hemorrhages, atrophy of the 
retina, with low grade pigment proliferation 

Blocking of the central retinal artery is most likely to occur in arterio- 
sclerosis of the second or third degree 

Moderate sclerosis of the retinal blood vessels ma> be accompanied by 
adianced sclerosis of the choroidal blood -vessels The vessels of the 
choroidal mosaic become pale and sharply defined Visibility of the 
choroid is due to atroph) of the pigment epithelium 

The average blood pressure corresponding to that in (1) is normal, 
in (2), 150 to 160, (3), 170 to 180, (4), 190 to 200, (5), over 200 
The early changes are frequent!) unnoticed, and the results of the 
examination of the fundus are called negative In the absence of 
changes m the retinal arteries, high blood pressure is most likely func- 
tional, and the kidney, normal 

The first most important definite sign is the pressure effect on the 
\ ems This is usualty accompanied by pale copper wire arteries In the 
presence of some pressure effect, with large arteries of good color, there 
is no election of blood pressure In examination for life insurance, a 
careful scrutim of the fundi would yield the examiner considerably more 
information than just taking the blood pressure The latter can be 
temporarily reduced by a starvation diet, even the urine can be freed 
from a trace of albumin, but the appearance of the fundus is constant 
I -would, for instance, consider a man, 50 )ears of age, with normal 
retinal arteries, a good risk in the absence of any surgical pathologic con- 
dition On the other hand, a patient showing change (2) in his retinal 
arteries would surety be a poor risk, even though normal otherwise His 
arteriosclerosis is apt to progress , he may develop blocking of a cerebral 
arten or \em or eien blocking of the coronarj artery This inference 
is drawn from the occurrence of so man) cases of hemiplegia and angina 
without high blood pressure endocarditis or syphilis Se\ ere attacks of 
cerebral apoplex) are more frequent in patients without high blood pres- 
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suie, and aie usually unexpected A careful examination of the fundus 
in these cases would disclose incipient aitenal disease 

What may occtu m cciebral arteries and veins can be visualized in 
cases of blocking of the cential letmal aitenes and veins A good dem- 
onstration of what may happen was seen in a patient who came to the 
New Yoik Eye and Eai Infhmary, Dr Shine’s service, with a blocking 
of the cential aitery While bis blood pressure, which was found to 
be 160 systolic, was being taken, he developed a hemiplegia 

Clinicians, as a rule, will distinguish between attacks of “stroke” m 
the piesencc of low blood pressuie and apoplexy m the presence of high 
blood pressuie They ascnbe the foimei to thrombosis of the cerebral 
artery or its branches, and the latter to hemoirhage caused by rupture of 
a cerebral aitery Patients with high blood piessure are more apt to have 
hemorrhage from the smaller branches of the arteries or veins, or else 
they may ha\e blocking of the smaller blanches, as in the presence of 
high blood pressure they aie not likely to develop a thrombosis m the 
laiger trunks unless the disease is fai advanced, because the high blood 
pressure cieates a strong “vis a veigo ” 

When one sees what happens in the retina as a result of thrombosis of 
the central vein, i e , laige hemorrhages, it seems to me that in the pres- 
ence of moderate elexation of blood piessuie 01 low blood pressure a 
similar accident maj occm in the brain Of course, free collateral 
%enous circulation of the biain must be taken into consideiation A 
thrombosis of the central artery lesults in atrophy of the retina, in the 
brain, blocking of a cerebral aiteiy lesults in softening of the brain 
The extent of the disease depends on the size of the blood vessel which 
was blocked It would seem logical to come to the conclusion that severe 
attacks of apoplexy with hemiplegia are not always caused by hemor- 
rhage from a ruptured arteiy, but may be caused either by thiombosis 
of a large artery or van in the absence of high blood pressuie or in the 
presence of a rapid drop in blood pressure, such as might be caused by 
shock with weakened heait action In fact, stiong doubts may be enter- 
tained as to the frequency of rupture of larger branches of arteries 
These conclusions are drawn merely from careful study of the behavior 
of the retinal aitenes I have never seen a lupture of the retinal artery, 
except at the terminals Atheroma of the arterial wall, I believe, occurs 
only in the larger arterial trunks 

Further study of the retina disclosed that cases of peripheral arterio- 
sclerosis, such as is found m old people, is not necessarily associated with 
changes in the retina Patients with this condition may have a normal 
blood pressure and normal kidney function, and longevity is not affected 
This observation may again he visualized in the eye, where peripheral 
arteriosclerosis, while not affecting the retinal blood vessels, is often 
marked by sclerosis of the choroidal blood vessels, with secondary 
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atrophy of the retina and pigment epithelium The choroid is clearly 
seen, and the choroidal blood vessels are light red or almost white and 
sharply outlined, giving the picture of a marked “tesselated” fundus 
(Islands of choroidal pigment are clearly seen ) 

There is another type of arteriosclerosis which might be called endar- 
teritis obliterans, which is characterized by extremely narrow arteries, 
sometimes affected with perivasculitis, and accompanied by optic and 
retinal atrophy without the usual picture of tortuosities, exudates and 
hemoi rhages This type is associated with a blood pressure of over 200 
Blocking of the central retinal artery or its branches may occur, usually, 
in the event of a temporary lowering of the blood pressure 

Such narrow arteries may sometimes be seen m retinitis pigmentosa, 
m which the blood pressure is not elevated 

High blood pressures are sometimes seen in patients who show 
hardly any sclerotic changes in the letmal arteries In these cases the 
blood presstue is due to contraction of the arteries, and is marked by 
frequent variations m the degree of elevation The urine is usually 
normal The results of the chemical examination of the blood are 
appai ently normal Contracted arteries with irregular caliber, though 
of good coloi, may sometimes be seen in the fundus This is generally 
known as essential hypertension Patients may have transient cerebral 
attacks or intermittent claudication m the presence of high blood pres- 
sure, sometimes the blood pressure is normal Contraction of the 
arteries may possibly be brought about by some change m the blood 
chemistry (such as increased cholesteiol) or internal secretions or by 
the presence of bacterial toxins in the blood The mechanism may be 
analogous to intermittent asthma I have found a number of patients of 
this tjpe in whose cases the diagnosis of hypertension with general 
arteriosclerosis was made The appearance of the fundus put a different 
aspect on these cases It has been proved that contraction of the arteries 
can occur I can cite instances of such occurrence, which I observed 
during the entire piocess 

H N , a young man, aged 23, came to my office complaining of attacks of 
olindness in the lower field of his right eye, which during three weeks previous 
to his visit recurred at intervals of three or four days This blindness would 
last one or two minutes His fundi were normal, and his retinal arteries were 
normal , his blood pressure was normal , he had an old mitral lesion While I 
was explaining to him that these attacks were caused by a transitory disturbance 
of the circulation, the patient suddenly called my attention to the fact that he was 
just having one of these attacks Taking him into the dark room without delay, 
I noticed that the upper branch of his retinal artery disappeared from view 
While observing the fundus with the ophthalmoscope, I noticed a sudden rush of 
blood into the invisible artery Simultaneously with the reappearance of the 
artery, the patient exclaimed that he could see again 
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Recently, I saw a case in which theie weie similai attacks, that of a 
young woman, M B , aged 23, who also had an old mitial lesion Foi 
some leason, contraction ivas limited in this case to a blanch of one 
retinal arteiy A sinnlai conti action of the coionaiy aiteiy would cause 
angina One does see cases of angina pectons, without elevation of 
blood piessure, m wduch lelief is obtained by nitioglycenn It would 
be easy to understand that such conti action partially sustained in many 
places of the body, paiticulaily m the kidney and othei oigans, w'ould 
produce a functional h) pel tension 

Such contraction, if piolonged, could pioduce symptoms and damage 
caused by blocking of an arteiy This would explain cerebral cases in 
which artei losclerosis is not present In actual aiteriosclerosis, connec- 
tne tissue replaces the unstnped muscle of the aitenal wall, conti action 
gradually becomes less possible, and pei sistent high blood pressure is then 
brought about b) the nai lowung of the lumen of the aitenes caused by 
sclerosis and hjpertiophy of the heait 

Finally, I w r ant to state definitely that m postmortem examination of 
the retinal aiteries, the micioscope does not disclose model ate changes, 
although such w’ere lecognized with the ophthalmoscope 

CONCLUSIONS 

In going m er the cases wduch I have compiled, the following con- 
clusions ma) be diawn 

1 The height of the blood piessme is geneiall)' m pioportion to the 
changes in the letmal aitenes 

2 High nitrogen content of the blood is also usually m pioportion to 
the changes in the letmal aitenes A high blood piessure seems to keep 
the urea nitiogen and kidnev function normal m some cases 

3 In cases of adianced letmal aitenoscleiosis, the mine is never 
normal, in incipient and model ate cases, it is frequently normal 

4 In the presence of noimal retinal aitenes a high blood piessure 
generall) has a functional cause and is usually associated with a normal 
blood chennsti} and kidney function 

5 In cases of aunculai fibi illation, the blood piessure is fiequently 
higher than one would expect from the appeal ance of the letmal artei les. 

6 Patients with incipient and model ate aitenoscleiosis without much 
elevation of blood piessure may suffer fiom hemiplegia oi coronary 
disease with angina, probably caused by either contraction (spasm) of 
the artei ics or thrombosis of a blanch of an artery or vein 

7 Retinitis in the piesence of good arteries is caused by toxemia or 
changes m the blood chenustiy, such as is found m diabetes It is not 
necessarily accompanied by elevation m blood piessure It has no bear- 
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ing on prognosis, if the general condition is under control Thromboses 
of veins give the fundus the spurious appearance of advanced arterio- 
sclerosis, and careful inspection of the vessels of both eyes will give the 
examiner a clearer conception of the actual condition of the arteries 

8 Incipient changes in the letmal artenes are frequently unrecog- 
nized, even by many ophthalmologists, and reports on the condition of 
the fundus are often either misleading 01 insufficiently helpful 

9 Contractions of the arteries in normal and m incipient cases may 
be toxic in origin In these cases, clinicians could concentrate on the 
lemoval of the cause and lowering of the blood pressure, without risk to 
the patient 

I wish to stress the importance of a close association of the internist 
and ophthalmologist, whose careful ophthalmoscopic report as an aid in 
diagnosis and prognosis should be taken more seriously than in the past 
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The subject of scleroderma has long been and continues to be one of 
pertinent interest, as evidenced by the vast amount of liteiatuie pub- 
lished on the subject during the past half century and even befoie 
Similarly, the conditions lesultmg fiom distuibed or pathologic calcium 
metabolism have commanded mci easing attention dunng recent years 
The infrequent combination of these two intei estmg conditions, sclero- 
derma and pathologic calcification, 01 calcinosis, 1 is the unusual clinical 
pioblem I wish to present 

The condition now teimed sclerodeima was not unknown to ancient 
medical men Hippocrates, accoidmg to Beitolotti,- described m his 
“Traites des epidemies,” the case of a ceitam Athenian whose slun was 
so indurated that it could not be pinched Galen, in his “Tiaite de 
theiapeutique,” made note of a malady which he called “stegnose,” 
described as a soit of obstiuction of the pores of the skin with thick- 
ening, white spots, pigmentation and the absence of sweat glands 
According to Arning, 3 m 1752, Curzio described a case of a pecuhai 

* From the Department of Medicine, Henry Ford Hospital 

1 Although the word calcinosis not infrequently appears in the medical 
literature, it is not found in medical dictionaries or in the new English dictionary 
Its exact meaning is, therefore, undefined Presumably it refers to local, multiple 
or generalized pathologic calcium deposits regardless of location Its most fre- 
quent use has been with reference to such deposits in the skm and subcutaneous 
tissues 

2 Bertolotti, M M Elude radiologique d’un cas de sclerodermie avec le 
syndrome de Profichet, Nouv iconog de la Salpetriere 26 291, 1913 

3 Arning, quoted by Kaposi, in Hebra Diseases of the Skin, New Sydenham 
Society 3 104, 1874 
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induration of the skin undei the title, “Dissertation anatomique et 
pratique sur une maladie de la peau d’une espece fort rare et fort 
smguliere ” But the honor of describing, m 1845 ( Gazette Medecme de 
Pans), the first authentic case of scleioderma and introducing the title 
“Du sclereme chez les adultes” goes to Thirial In 1854 Gillette 4 
recapitulated twelve cases Numerous other ai tides followed, and m 
1894, Lewen and Hellei 5 collected 507 cases Innumei able articles have 
appeared since 

The first authentic repoit of calcinosis in association with sclero- 
derma was described by a Swiss physician, Weber, 6 m 1878 Weber, 
however, interpreted the condition in his case as a form of gout 
Although Lewen and Heller did not specifically differentiate cases m 
which calcaieous depositions were present, a careful review of their 
monograph reveals descriptions which suggest that in six of their col- 
lected reports there was an associated calcification of the skm or subcu- 
taneous tissues A group of cases was not lepoited until 1911, when 
Thibieige and Weissenbach 7 described a patient who had combined 
scleroderma and sclei odactyha with calcinosis, and collected eight other 
cases from the literature The literature has not been recapitulated 
since the date of their publication 

INCIDENCE OF SCLERODERMA 

Scleroderma is not a rarity, and a few cases are seen each year in 
any large clinic The 507 cases collected by Lewen and Heller appar- 
ently covered the intei lm fiom the publication of Thumbs article in 
1845 to the date of their publication m 1895 I am leviewing the 645 
reported cases of scleroderma in the medical hteiature fiom 1894 to 
1926 The disease seems most prevalent m middle life, occurring most 
often between the ages of 20 and 40 Fifty-one cases of scleroderma 
neonatorum were found m this group Many cases, however, occurred 
m elderly adults Geographically, the disease is widely distributed Of 
the 645 cases, 25 per cent occurred m Fiance, 20 per cent in Germany, 
16 per cent in England, 14 per cent m the United States, 7 5 per cent 
m Italy and 4 5 per cent m Russia From the data at hand, it seems 
doubtful if the review of this large series of cases will contribute many 
new facts about the subject The study is, however, affording an 
insight into the large variety of types, the unusual and sometimes bizarre 

4 Gillette, quoted by Kaposi (footnote 3) 

5 Lewen, G, and Heller, J Die Sclerodermie, Berlin, 1895 

6 Weber, H Cor -B1 f schweiz Aertze, 1878, p 622 

7 Thibierge, G , and Weissenbach, A J Concretions calcaries souscutanees- 
et sclerodermie, Ann de dermat et syph 2 129, 1911 
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associated conditions, and the diveigent ideas as to etiology The thera- 
peutic agents descubed aie many It is intei esting to lecoid that 
spontaneous 1 emissions weie noted seveial times 

PATHOLOGIC PROCESS AND PATHOGENESIS OF SCLERODERMA 
The pathologic piocess obviously is dependent on the type of the 
disease and its stage Hypertiophy of the collagenous intei cellular tissue 
is common to all types The essential histologic changes consist of 
hypeitiophy of the pieexistmg connective tissue bundles, followed by 
piessuie on the vessels and epideimic stiuctures There is a consider- 
able degiee of penvasculai and pei lglandulai infiltiation (lymphoid 
cells) and the papillae aie at fust swollen but latei sin unken and 
flattened The elastic tissue may be slightly increased in amount 

Innumeiable theones have been advanced as to etiologic factois 
After an anal) sis of 507 cases, including 28 autopsies, Lewen and Heller 
concluded that the pathologic pi ocess -was dependent on an angioneurotic 
disturbance involving the peripheial as well as the central neivous 
system A distuibance of \auous oigans of internal secietion, particu- 
laily hjpof unction of the thyioid gland, is a favonte theoiy Recently, 
however Mai inesco and Goldstein, 8 in addition to collecting a 
numbei of cases with atiophy of the thyioid gland, found 26 cases 
associated \\ ith exophthalmic goitei Others think that the cause is 
an mci eased tonus due to vasoconstnctoi substances acting on the sym- 
pathetic nervous system Touchaid 0 believes it is an intermittent secre- 
tion of epinephrine Kaposi, 10 Kobnei, 11 Lassai, 12 Unna, 13 Nothhaft 14 " 
and otheis feel that a change in the lymphatic glands due to pi oti acted 
constnction produces hypeitiophy of the collagenous tissues Changes 
of the spinal cold have been descubed in autopsy reports in seveial 
instances Vidal, 15 Ciocker, 10 Bales, 17 and Newman 18 think that it is 

8 Marinesco, G, and Goldstein, M Syndrome de Basedow et sclerodermie, 
Nouv iconog de la Salpctriere 26 272, 1913 

9 Touchard, quoted by Ravogli, A A Rare Form of Scleroderma, J Cutan 
& Gemto-Urin Dis 35 1, 1917 

10 Kaposi in Hebra Diseases of the Skin, New Sydenham Society 3 104, 1874, 

11 Kobner, quoted by Ravogli (footnote 9) 

12 Lassar, quoted by Ravogli (footnote 9) 

13 Unna Die Ilistopathologie der Hautkrankheiten, Berlin, 1894 

14 Nothhaft, quoted by Ravogli (footnote 9) 

15 Vidal, quoted by Ravogli (footnote 9) 

16 Crocker Diseases of the Skin, Philadelphia, 1908, p 618 

17 Bales, quoted by Ravogli (footnote 9) 

18 Newman, quoted by Luithlen in a Mracelc Handbuch der Hautkreenk- 
heiten, 1904, vol 3 
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a condition of the blood vessels Dinkier 19 and Gaucher 20 also feel that 
it is a condition of the small arteries of the skin Brown and O’Leary 21 
studied the capillaries in five cases of scleroderma with a view of deter- 
mining whether or not the finer vascular changes noted might be an 
etiologic cause They concluded that the capillary deficiency and altera- 
tion pecuhai to this disease did not precede the pathologic hypertrophy 
of the connective tissue bundles Certainly there is not as yet enough 
uniformity of opinion to permit the acceptance of any single pathogenic 
factor as a cause of scleroderma 

INCIDENCE OF CALCINOSIS 

Pathologic deposits of calcium m tissues have been reported in almost 
every portion of the anatomy, in muscle tendon, pericardium, myocar- 
dium, pleura, prepuce, scalp, eye and umbilicus, m all glands of internal 
secretion and in all the excretory organs The incidence of local deposits 
m the skm is not frequent It has been noted m a vanety of conditions 
as follows as calcium metastases m the skm, following local injury, m 
caseous tuberculous nodules, in carcinomas of the skm or m metastatic 
ossifying sarcoma (Fmnerud 22 ), on the basis of chiomc inflammatory 
processes (Sehrt 23 includes syphilis and chronic dermatoses m this 
group) and as calcification of minute fat lobules These aie the solitary 
or multiple, freely movable lesions found in the skm of the extensor 
surface of the legs of old persons 

Kuznitsky and Melchior 24 found calcareous deposits in the skm in 
a case of universal fat atrophy, atypical lipodystrophia progressiva 

In many cases, both the skm and subcutaneous tissues are involved 
It is evident that a sharp grouping cannot be made, as subcutaneous 
deposits of calcium also occur in the following conditions various 
forms of tumors, including lipomas, fibiomas, sebaceous cysts, sebaceous 
adenomas, “benign epitheliomas” and cystic adenomas connected with 
the sweat apparatus, subcutaneous veins and arteries (subcutaneous 
phleboliths) , subcutaneous inflammatory nodules or seals, subcutaneous 

19 Dinkier, Max Zur Lehre von der Sclerodermie, Heidelberg, 1891 

20 Gaucher, Philhppe Charles E Maladies de la peau, Paris, 1909 

21 Brown, G E , and O’Leary, P A Skm Capillaries in Scleroderma, Arch 
Int Med 36 73 (July) 1925 

22 Fmnerud, C W Ossifying Sarcoma of the Skm Metastatic from 
Ossif} ing Sarcoma of the Humerus, Arch Dermat & Syph 10 56 (July) 1924 

23 Sehrt, E Ueber Knochenbildung in der Haut, Virchows Arch f path 
Anat 200 395, 1910 

24 Kuznitsky, E , and Melchior, E Subcutane Lymphsackbildung und 
Kalkablagerungen in der Haut bei universellena Fettschwind, Arch f Dermat u 
Sjph 123 133, 1916 
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cysticerci , subcutaneous calcification in traumatic fat necrosis as in 
tissue m the breast, well described by Lecene and Moulonquet, 25 also 
by Lee and Adair 20 

Riehl 27 noted deposits of calcium in the subcutaneous tissues m a 
case of leukemia 

Calcinosis of Skin and Subcutaneous Tissues — Several such cases 
appear in the French and Italian literature under the title of “Pro- 
fichet’s S} ndrome” 28 Rather extensive calcinosis of the skin and subcu- 
taneous tissues may appear without any apparent primary disease 
Lhermitte 20 records a case of generalized subcutaneous calcification of 
unknown etiology Morse 30 descnbes a case of extensive calcification 
of the skin and subcutaneous tissues m a child, aged 3j4 years, occur- 
ring in areas of fat neciosis The lesions had been piesent one year 
The calcification was piesent at the holders of both axillae, at the left 
elbow, over the uppei inner pait of the thigh and buttocks, in the poplit- 
eal spaces and in the calves of both legs There was no evidence of 
infection Microscopic examination showed areas of degeneration of 
fat cells without cellular reaction Moise’s intei pretation of the process 
was “a primary degeneiation of fat followed by calcification and lepair 
by avascular organization without giant cell formation Lime seemed 
to deposit in the homogeneous hyaline material ” 31 

This case of Morse’s and the cases of calcification following trau- 
matic fat necrosis described by Lecene and Moulonquet, and by Lee 
and Adan , seem to favor the hypothesis advanced by Klotz, 32 m discuss- 
ing the origin of calcification from calcium soaps He believes that the 
calcium is first laid down as soaps, later changing into the less soluble 
carbonate and phosphate 

25 Lecene, P , and Moulonquet, P La cystosteatonecrose ou saponification 
int racellulaire du tissue cellulo-adipeux sous-cutane, Ann d’anat path 2 193, 1925 

26 Lee, B J, and Adair, F E Traumatic Fat Necrosis of the Female 
Breast and Its Differentiation from Carcinoma, Ann Surg 80 670, 1924 

27 Riehl Proc 17th Intern Cong Med, 1913, section 13, pp 179 and 188 

28 Profichet, G C Sur une variete de concretions phosphatiques sous- 

cutanees (pierres de la peau), Thesis, Paris, 1900 

29 Lhermitte, J La calcinosc generahsee et ses formes anatomiques mter- 
stiticlle et sous-cutanee, Scmame med 30 553, 1910 

30 Morse, J L Calcification of the Skin in a Child, Am J Dis Child 
22 412 (Oct ) 1921 

31 It is of interest to note that Bernhem-Karrer (ueber Subkutane Fettgene- 
banckrosen beim Neugeborenen [Sog Skelerodermie der neugeborenen], Schweiz 
med Wchnschr 52 12, 1922) describes a case of subcutaneous fat necrosis with- 
out calcification occurring m association with scleroderma neonatorum 

32 Klotz, O Studies upon Calcareous Degeneration I The Process ot 
Pathological Calcification, J Exper Med 7 633, 1905 
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Weidtnan and Schaffiei 33 have recently described a case of calcifica- 
tion of the skin, including the epiderm, with extensive bone lesorption 
The patient was an elderly man The sections of the skin that were 
studied were taken from the hand , this is apparently the first case 
described showing calcification of the epithelial structures and peripheral 
neives Since the serum calcium was normal, these authors feel that 
their case also supports the theoiy of Klotz, that “in the process of 
calcification there is a pieliminary fatty metamorphosis of tissue and 
the final calcification comes about through a series of intermediate 
changes m which soaps figure ” 

“Calcinosis universalis” is a title applied by Verse 34 in referring to 
seveial cases of generalized deposits He calls attention to the early 
changes in the intercellular substance of the connective tissue Tilp 35 
and von Gaza 36 have each reported a case of diffuse or univeisal calci- 
nosis of unknown etiology 

Karvonen , 37 Remes , 38 and Liesegang 39 each describes cases of cuta- 
neous calcification Other cases of subcutaneous calcification are 
repoited each by Ruggles , 40 Mauclaire 41 and Lessehers 42 

True bone formation may occur in the skin, m subcutaneous tissue 
oi m scais A case of calcinosis of the skm, which had progiessed to 
osteoid tissue, has been described by Becker , 43 under the title, “Osteosis 
Cutis ” He believes that the calcium deposition is but a preliminary 
step m the bone formation Quoting Sehrt, Becker says “we are dealing 

33 Weidman, F D , and Shaffer, L W Calcification of Skin Including 
Epiderm in Connection with Extensive Bone Resorption, Arch Dermat & Syph 
14 503 (Nov ) 1926 

34 Verse, M Ueber calcinosis universalis, Beitr z path Anat u z allg- 
Pathol 53 212, 1912 

35 Tilp, A Demonstration ernes Falles von ausgebreiteter Kalzinosis, Ver- 
handl d deutsch path Gesellsch , 1910, pp 277-279 

36 Von Gaza Ueber Calcinosis mterstitiahs universalis, Fortschr a d Geb, 
d Rontgenstrahlen 19 372, 1912 

37 Karvonen, J J Thokivista (Cutaneous Calculi), Duodecim, Helsing- 
19 319, 1903 

38 Remes, S Petrificatio cutis circumscripta, Arch f Dermat u Syph 88 
267, 1907 

39 Liesegang, R E Ueber Kalkablagerungen der Haut, Arch f Dermat u 
Syph 139 73, 1922 

40 Ruggles, H E Calcified Deposits m the Soft Tissues of the Left Forearm,. 
Am Atlas Stereo-roentgenol 1 82, 1916 

41 Mauclaire Calcul sous-cutane de la face posterieure de l'avant-bras, 
Bull et mem Soc anat de Paris 94 488, 1924 

42 Lessehers, E A propos d’un cas de concretions calcarires sous-cutanes r 
Bull Soc de med de Gand 75 7, 1908 

43 Becker, S W Osteosis Cutis, Arch Dermat & Syph 10 163 (Aug> 
1924 
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with pinnaiy tissue death with secondary calcification and subsequent 
inetaplastic bone pioduction by the connective tissue” Bieda 44 also 
leports a case with calcateous concietions which proceeded to bony 
tissue Cases of tiue bone foimation piobably occur, howevei, without 
evidence of pievious calcification Various theones have been tendered 
to explain this t}pe One is the metaplasia of connective tissue into 
osteoid tissue, with the foimation of tiue bony tiabeculae if lime salts 
are deposited In bnef, as summanzed by Wells , 45 pathologic calcifica- 
tion occms in tissues that have sufteied paitial or total loss of vitality, or 
that have undeigone hyaline degeneiation , whereas in ossification, the 
accumulation of lime salts is within the stioma 01 cells of tissue which 
liav e changed to a homogeneous gi ound substance, with vitality deci eased 
but not lost In the latter, theie is diffuse, even permeation of the salts 
in the tissue, in calcification, the deposits of lime salts lemam in clumps 
or fuse into masses Any type of cell or tissue sufficiently degeneiated 
ma} become calcified, and any aiea of calcification may then be replaced 
by bone Ossification occuis only m vaneties of connective tissue 
Deposits of calcium salt anywheie can stimulate connective tissue to 
form bone, although m the absence of calcium salts, cells noimally 
osteogenic will not foim bone Moschcovvitz 10 emphasizes that ossifica- 
tion without pielimmaiy calcification is not found The vascular supply 
must also be a factor in the piocess of ossification, a piobable leason 
why calcareous concietions within hollow oigans such as the appendix 
never leveal bone foimation 

Calcinosis About Joints — These cases aie mentioned because they 
fiequentl) occui in association with cutaneous 01 subcutaneous calcifica- 
tion, but a numbei of cases aie lepoited in which the localization was 
aiound joints alone The authoi has lecently had five patients with 
deposits of calcium just outside the subdeltoid bursa This condition 
is seen infrequently and piobably difi'eis in many lespects from the cases 
with deposits in the soft paits near the joints of the phalanges or wrists 
The lattei type vanes fiom fine deposits, called by French writers 47 
'‘bony sand,” to extieme calcification in soft tissues manifested as laige 
visible tumois Such a case of maiked localized deposits has been 
obseived by Hamlin , 48 who will publish it in detail His patient, a 

44 Breda, A Concrczioni calcari e produzioni steiformi nel connettivo 
sottoculanco dell’uomo, Gior ital d mal ven 50 244, 1915 

45 Wells, H G Chemical Pathology, ed 4, Philadelphia, W B Saunders 
Company, 1920 

46 Moschcovvitz, E Various Forms of Calcification and Ossification, Proc 
New York Path Soc 13 19, 1913 

47 Quoted by Delherm, Morel-Kahn, and Couput Bull et mem Soc d 
radiol med de Paris 13 110, 1925 

48 Hamlin, L E Personal communication 
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young man, aged 23, had symptoms which began two years before obser- 
vation and followed a local infection m the hand, caused by removal of 
a slivei with a jack-knife Subsequently, small calcified nodules 
appeared around the phalangeal joints and throughout the soft tissues of 
the right metacarpus These tumois have continued to increase in size 
and number Two of the phalangeal joints became fluctuant, and many 
small calcareous nodules were discharged through a chronic smus 
X-ray examination showed heavy deposits of calcium salts, occurring as 
a fusion of innumerable small dotted areas scattered throughout the soft 
parts of the entire hand There was particular localization around the 
phalangeal and metacarpal joints The tendons or the tendon sheaths 
of the lower forearm also showed moderate calcification X-ray exami- 
nation of the remainder of the body did not show any other deposits or 
rarefaction of the bones 

Wildbolz 49 observed a case in which numerous nodules appeared 
around the joints of the hands and feet and later at the olecianon The 
patient was a woman, aged 57, and the nodules had been enlarging and 
becoming more painful for six or seven years Chemical examination of 
the concretion showed calcium carbonate, calcium phosphate and traces 
of magnesium Uric acid and oxalic acid were absent Microscopic 
examination showed the presence of leukocytes and giant cells, indicating 
an inflammatory process 

Ducasse 50 describes a similar case m a woman, aged 50 The con- 
cretions varied from 2 mm to 3 5 cm in diameter and were numerous 
over the extensor surfaces of the knees, elbows and fingers Calcified 
concretions were also present in the mam stem branches of the bronchi 
on the right side The patient had previously expectorated concretions 
Chemical analyses of the extruded deposits showed the presence of 
cholesterol and lime Ducasse calls attention to the high cholesterol 
content m the blood in this case, 270 mg per hundred cubic centimeters 

Wilens and Derby 51 report a case of multiple subcutaneous nodules 
of calcium m a boy, aged 5 yeais, occurring about the knee joints, in 
Scarpa’s triangle, on the buttocks, the extremities and around the shoul- 
der joints The bulk of the deposits of calcium was m the fat and 
fibrous tissue of the subcutaneous layer Fat necrosis did not occur as m 
Morse’s patient 

49 Wildbolz, H Ueber Bildung von phosphorsauren und kohlensauren Kon- 
krementen in Haut und Unterhautgewebe, Arch f Dermat u Syph 70 435, 1904 

50 Ducasse, R R Calcification of the Skm with Unusual Findings, Arch 
Dermat & Syph 7 373 (March) 1923 

51 Wilens, G , and Derby, J Calcification of Subcutaneous Tissue in Child 
(Calcinosis Universalis), Am J Dis Child 31 34 (Jan) 1926 



DURHAM— SCLERODERMA AND CALCINOSIS 475 

Tisdall and Eib r ’ 2 found extensive calcaieous deposits over the 
epiph} ses at both ends of the humeri, the proximal ends of the radii, 
ulnae and tibiae, and the distal ends of the femoia, occurnng m an 
infant 5 weeks of age 

Anothei condition of distuibed calcium metabolism, now a lecogmzed 
entity and diftermg entnely fiom the foiegomg types, is the so-called 
metastatic calcification of Virchow, studied and described by Wells , 53 
Schulze 54 and others In these cases theie is an ovei -satui ation of the 
blood with calcium salts, and deposits may occur without tissue degen- 
ei ation Wells points out that the deposits occui where the carbon 
dioxide is least abundant To date, he has been able to collect only 
thnty-two cases from all the hteiatuie The case described by Weid- 
man and Shafiei 33 showed bone xesoiption, although the seium calcium 
was noimal Cases of demobilization of calcium fiom skeletal bones 
without deposition in the stipetficial tissues are reponed as occui ring m 
sepsis In the new light of studies of the parathyioid hoimone, it is 
likely that this type of case is a lesult of distuibed paiathyioid function 
Certain cases in which the condtion was legal ded as metastatic calcifica- 
tion haie been definitel} associated with pathologic processes of the 
paiatlni oid glands Thomas 55 leports a case of metastatic calcification 
m a boy in whom the tw r o paiathyioid glands w r ei e hypeitiophied and 
measured 2 cm in diametei There W'as marked calcification m the 
small arteries, a laige calcaieous plaque in the skin of the right buttock 
and raiefaction of the long bones Iiubbaid and Wentworth 50 leport 
hypertrophy of the parathyroid glands in a case of metastatic calcifica- 
tion associated with cluonic nephritis Harbitz 57 feels that nephritis 
may at times lead to enough calcium retention to account foi metastatic 
calcification Normally, however, the serum calcium content of the 
blood is i educed in nephiilis 

THEORIES AS TO PATHOGENESIS OF CALCINOSIS 

It seems generally agreed that mflammatoiy changes aie not a con- 
stant factor in calcinosis , 3 et many cases seem definitel)' to have followed 

52 Tisdall, F F, and Erb. T H Report of Two Cases with Unusual 
Calcareous Deposits, Am J Dis Child 27 28 (Jan ) 1924 

53 Wells, H G Metastatic Calcification, Arch Int Med 14 574, 1915, 
Tr Chicago Path Soc 9 208, 1914-1915 

54 Schulze, F Skelettvcranderungen als Ursache von Verkalkungen, Mitt 
a d Grcnzgeb d Med u Clur 36 243', 1923 

55 Thomas, W S , in discussion on Weidman and Shaffer Arch Dermat & 
Sypli 14*503 (Nov) 1926 

56 Hubbard, R S , and Wentworth, J A A Case of Metastatic Calcification 
Associated with Chronic Nephritis and Hyperplasia of the Parathyroid, Proc 
Soc Exper Biol & Med 18 307, 1920-1921 

57 Harbitz, quoted by Wells, H G (footnote 45, p 443) 
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local inflammatory conditions In the earlier stages, round and giant 
cells are seen infrequently, later, the concretions may act as a foreign 
body and produce some irritation 

Many observers have held that the deposits occur m or around 
degenerated tissue cells Jadassohn 58 did not find any degeneration of 
the elastic 01 connective tissue fibers at the site of recent deposits He 
feels, however, that the elastic fibers must be degenerated, though 
molecular and unrecognizable Pospelow 59 mentions the affinity between 
elastic fibers and calcium salts and feels that deposits can probably occur 
m normal elastic tissue 60 

Wildbolz , 49 Licharoff 01 and Lewandowsky 62 all concur that the 
calcification is a disturbance of inorganic metabolism, similar m character 
to gout, except that calcium salts are deposited instead of urates 

As to the mechanism of the calcium deposition, Pospelow feels that 
it is because the blood is saturated due to excessive amounts present, or 
because the solubility of calcium in plasma is changed, even though the 
amount of calcium in the blood has not risen above normal 

Hofmeister 02 found that as soon as a fluid in any way loses its free 
caibomc acid (as when the latter is bound to an alkaline medium), a 
deposition of calcium phosphate can occur under the condition and that 
the velocity of the fluid flow or a higher protein content does not hinder 
this deposition Hofmeister also feels that the colloidal piotems play 
a role 

Tasluro 64 holds the view that the occurrence of insoluble calcium 
salts at one point must be intimately associated with a metabolism which 
forms bases He states that calcification need not be pieceded or accom- 
panied by an abnormal amount of calcium m the blood, the essential 
thing is a local production of ammonia or other base forming compounds 
with a normal supply of calcium Infection, mechanical irritation or 
changes in physiologic metabolism may be other factors 

58 Jadassohn, J Ueber Kaltmetastasen m der Haut, Arch f Dermat u 
Syph 100 317, 1910 

59 Pospelow, W A Em Fall von Kalkablagerung in der Haut, Arch f 
Dermat u Syph 140 75, 1922 

60 Experimentally, Katase (Experimentelle Uerkalkung am Gesunden Tiere, 
Bietr z path Anat u z allg Path 57 516, 1913) injected calcium salts in animals 
and produced calcification in organs without previous injury to the cells 

61 Licharoff, quoted by Pospelow Arch f Dermat u Syph 111 75, 1922 

62 Lewandowsky Ueber subkutane und periartikulaire Verkalkungen, 
Virchows Arch f path Anat 181 179, 1905 

63 Hofmeister Experimentelles uber Gewebsverkalkung, Munchen med 
Wchnschr 56 1977, 1909 

64 Tashiro, S Studies on Alkahgenesis m Tissues I Ammonia Produc- 
tion in the Nerve Fiber During Excitation, Am J Physiol 55 519, 1922 
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Olner Co pictmes tissue calcification as a piocess similar to the 
formation of gallstones, the pi od notion of ammonia and the destruction 
of bile salts Lichtwitz 00 mentions the possible part colloidal proteins 
may play m the induction of calcification He thinks that precipitation 
of colloids in degenerated tissues may bung about a 1 eduction m soluble 
ciystalloids wheieby the more insoluble salts such as calcium are pre- 
cipitated Hunter 07 concludes that calcification is a teimmal phase of 
the fibrosis, that an alteration of the vitality of the sclerosed tissue 
detei mines the deposit of lime salts, analogous to deposits of calcium 
elewhere, as m scleiosed heait valves oi m old tubeiculous lesions 

Wells/ 5 whose studies have been extensive, reviews the possibility 
that calcium is fiist bound as soaps He was able to find only traces 
of calcium soaps in calcifying mattei, and doubts if these soaps are an 
essential step m calcification, except m those cases in which aieas of 
obvious fat necrosis aie present He feels that chemical precipitants 
in the tissue aie not lesponsible, but that calcification depends on phys- 
icochemical factois and variations m the carbon dioxide concenti ation 
He pictuies calcification beginning as a simple physical adsorption by 
hj aline substance and dependent on the presence of a local alkalinity or 
perhaps a decreased amount of carbon dioxide in the fluids and tissues, 
and that calcification occms whenevei the pioportion of calcium piesent 
m the blood is so great that it requires the effect of both the colloids 
and of the carbon dioxide in maximum concenti ation to keep it m 
solution 

In view of the numbei of dnergent opinions reviewed, it is obvious 
that much confirmatory woik remains to be done in order to establish 
universal agi cement as to the applicability of one oi more of these 
theories 

In summarizing, pathologic calcification occuis m almost all tissues 
of the body and at all ages (Tisdall and Eib’s 52 patient was 5 weeks of 
age, and Goldreich cs reported a case occurung m an infant, aged 7 
weeks ) In those cases in which the deposits occuned in the skin and 
subcutaneous tissues, the usual chemical composition is calcium phos- 
phate and carbonate and traces of magnesium Rarely, cholesterol may 
be present Uric acid is not piesent Generally speaking, inflammatory 
changes aie not a factor The deposits aie believed to occui m or 

65 Oliver, quoted by Ducassc, R R Calcification of the Skin, Arch Dermat 
& Syph 7 3 73 (March) 1923 

66 Lichtwitz, L Ucber die bedeutung der Kolloide fur die Konkrement- 
bildung und die Verkalkung, Deutsche med Wchnschr 36 704, 1910 

67 Hunter, W K Sclerodermia with Subcutaneous Calcareous Deposits, 

Glasgow M J 79 241, 1913 

68 Goldreich, A Ein 7 Wochen Alter Knabe nut Zellgewebsverhartung, 
Mitt d Gesellsch f inn Med u Kinderh in Wien 13 57, 1924 
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around degeneiated tissue cells Numerous observers say that the 
deposits do not occur in normal tissues In instances m which this 
appears to be the case, the theoiy is offered that toxins have lowered the 
vitality of the cells 

REVIEW OF CASES FROM THE LITERATURE 

Sclerodeima and calcinosis occur together most infrequently It 
seems safe to say that less than a dozen cases had been reported prior 
to 1911 With a more prolific medical literature, a larger number of 
cases has since appeared 

In 1913, Bertolotti 2 observed and described in detail the clinical and 
roentgenographic study m a case of scleroderma accompanied by well 
marked aci ocyanosis and sclerodactylia The patient was a woman, aged 
36, whose symptoms began at the age of 30 The scleroderma was 
maximum m the extremities There were distinct bands about the 
elbows, knees and feet, m areas of which were scattered small indurated 
nodules of calcification Similar concretions were also present in the 
soft tissues of the terminal phalanges and along the forearm m an area 
of scleroderma Localized muscular atrophy resembling an interstitial 
myositis was also present Most of the larger tendons were retracted, 
indurated and calcified There was localized osseous atrophy m the 
terminal phalanges, symmetrical on the two sides Comparative x-ray 
studies after a year’s interval evidenced progressive resorption of the 
phalangeal bones A chemical analysis of the concretions mixed withm 
the horny layer showed the presence of calcium salts There was a dis- 
turbance of internal secretions with atrophy of the thyroid gland and 
other signs of hypothyroidism, as well as roentgenogiaphic evidence of 
h) pophyseal hypertrophy Although Bertolotti was unable to prove 
which process was primary, he believed that the condition resulting from 
the scleioderma favored the deposition of the calcium He also cited 
other instances m which calcification had followed trophic and degenera- 
tive disturbances The rather rapidly developing bony changes suggest 
that this is a case of metastatic calcification with scleroderma 

In 1913, Hunter 67 also reported a case of scleroderma with subcu- 
taneous calcareous deposits associated with Raynaud’s disease The 
patient, a woman, aged 38, had suffered from symptoms referable to 
Raynaud’s phenomena since 14 years of age The scleroderma had been 
present since the age of 18, and subcutaneous concretions first appeared 
at the age of 21 The scleioderma involved the skm of both hands, 
lower arms, face, neck, back and buttocks The calcified deposits were 
much more limited and were present around the joints of the fingers 
especially, and had been extruded from the skm around the metatarso- 
phalangeal joints and from the region of the left elbow Chemical 
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studies of the deposits showed the piesence of caibonate and phosphate 
of calcium and magnesium Unc acid was absent 

Pievious lepoits of cases had been made m England 01 continental 
Euiopc In 1917, Olson 09 descubed the case of a young woman, aged 
27 , who had scleiodactyha with scleiodeimatous changes involving the 
palmai sui faces of the hands Numeious small calcaieous concietions 
weie piesent m the tissues of the fingeis and neai the olecranon They 
•ueie composed laigely of caibonates Uiates and uric acid were absent 

A case of calcification about an ulceiated atea of scleiodeima of the 
face is described by Pollitzei 70 The patient was a man, aged 47, of 
Geiman descent The scleiodeima (diagnosed by Kaposi, Vienna) 
began on each side of the face nineteen years pievious to examination, 
but latei undeiwent a remission with maiked impiovement Scatteied 
aieas of scleiodeima leappeaied on both sides of the face when the 
patient was 32 >eais of age, numeious ulceiations appealed with calci- 
fied plaques pioiecting through the ulceis and involving extensive aieas 
of surrounding subcutaneous tissues Chemical examination of the 
concretions was not rccouled 

A case of scleiodeima with small pleomoiplnc calcaieous deposits 
occuriing in a bo^ aged 4, was lepoited by Langmead 71 The patient 
had an amentia of the mongohan vanety, but not as maiked as the 
aieragc case Bluish discoloiation of the skin had been noted since 
bn 111 At the age of 3, scleiodeima began to appeal over the upper 
part of the arms, shouldcis and thighs, with haul subcutaneous nodules 
van mg "from minute aieas to the size of a shilling” X-iay examina- 
tions showed a marked infiltration of calcaieous deposits m the subcu- 
taneous tissues involved S}mptoms of the joints involving the knees 
and ankles w r eic developing Although the fingers w^eie small and 
shiny, definite scleiodactyha had not appealed 

In 1923, Baylcss 72 lepoited the case of a woman, aged 64, who had 
extensive scleiodeima involving the hands, feet, chest and abdomen 
with large and small calcified nodules piojectmg thiough the skin of the 
hands, wrist and gieat toes Nodules could not be palpated through the 
slun of the chest oi abdomen The sclerodeima had been piogiessmg 
foi a numbci of yeais, aitluitic symptoms had been piesent foi se\en 
years, small calcified nodules appealed on the back of the wnsts four 

69 Olson, G M Sclerodactylia with Calcareous Concretion, with Report of 
a Case, J Ctitan Dis inci Syph 35 96, 1917 

70 Polhtzer, S Ossification in a Case of Scleroderma, J Cutan Dis inci 
Syph 36 271, 1918 

71 Langmead, F S Sclerodcrmia with Calcification in a Mongol, Pioc Roy 
Soc Med 12 94, 1918-1919, Sect Dis Child 

72 Baylcss, B W Scleroderma, Kentucky M I 22 39, 1924, Radiology 6 

239, 1923 
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years befoie X-ray examinations showed that these were unattached to 
the bone An atropic arthritis of the phalangeal articulations was pres- 
ent There was marked contraction over the tips of the fingers suggest- 
ing an accompanying sclerodactylia 

Tisdall and Erb 52 describe two unusual cases of calcification in 
children One of their patients, a boy, aged 12, had extensive deposits 
of calcium in the subcutaneous tissues of both legs, arms and buttocks 
with generalized skm changes, the diagnosis of which rested between 
xeroderma pigmentosum and scleroderma Biopsy and examination of 
a section of the skm containing a calcareous nodule resulted in a final 
diagnosis of scleioderma 

A case of scleroderma with sclerodactylia, accompanied by calcinosis 
oi “calcium gout” was described by Meriden and Vallette 73 in 1924 
The patient was a single woman, aged 55 Symptoms of scleroderma 
began to be manifested at the age of 42, coincident with her menopause 
Two years later, well marked sclerodactylia had appeared, involving all 
the fingers The scleroderma involved the hands, arms, face and neck 
In the region of the left elbow and forearm, inflammatory areas appeared 
through which were extruded chalky concretions containing lime salts 
Analyses did not show cholestenn or uric acid Roentgenograms 
revealed the presence of numerous masses around the terminal phalanges 
and joints of fingers of both hands and around the elbow joint In this 
case, the authors felt that the trophic disturbance of the skin preceded 
the appearance of the concretions The calcification was found only 
in the areas of scleroderma 

Delherm, Morel-Kahn and Couput 74 describe briefly the loentgeno- 
graphic observations in two cases of scleroderma In one, there was 
an ankylosis of the phalangophalangeal joints with disappearance of the 
articular space, the metacarpophalangeal joints remained unchanged 
In the second case, there were also articular lesions, involving the meta- 
carpophalangeal interspace with osseous rarefaction, more accentuated 
at the distal ends of the phalanges Near the end of the phalanx of the 
index finger was a group of small deposits of calcium, numbering seven 
or eight, similar to “bony sand,” but described “as the deposits seen m 
the cutaneous cellular tissues in the course of scleroderma ” 

A case in which there were subcutaneous calcium nodules on the 
fingers of both hands and at the elbow with sclerodactylia was reported 
by Davis 75 m 1912 The patient, a woman, aged 34, had suffered from 

73 Merklen, W M , and Vallette, A Scleroderma avec concretions calcaires, 
Bull Soc franc de dermat et syph 31 120, 1924 (Reun de Strasb ) 

74 Delherm, Morel-Kahn and Coupout Sclerodermie et lesions osseuses, 
Bull et mem Soc de radiol med de Paris 13 110, 1925 

75 Davis, H Case of Raynaud’s Disease Associated with Calcareous Degen- 
eration, Proc Roy Soc Med 5 99, 1911-1912, Dermat Sect 
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chilblains as long as she could remember and Raynaud’s disease had been 
piesent for many years The haid nodules fiist appeared eight yeais 
before while she was musing hei fiist baby The nodules giadually 
woiked their way thiough the skin and calcaieous matenal was dis- 
chaiged foi some time Chemical examination showed the piesence of 
calcium caibonate and phosphate 

In 1911, Scholefield and Webei 70 obseived a smnlai case in an 
unman led woman, aged 50 In childhood the patient began to have 
chilblains At the age of 35, scleiodactylia was noted and progiessed 
gradually Subcutaneous concietions foimed undei the skin of the 
fingers and aiound the left olecranon Extensive metabolic studies were 
not made The concietions, howevei, did not contain urates 

Logan 77 repoits a case of Raynaud’s disease in a woman, aged 60, 
with numeious calcaieous nodules on the lateial and flexor surfaces of 
all the digits The patient had suffeied fiom chilblains involving the 
hands, feet and eais as long as she could lemembei Some of the lumps 
became acutely inflamed and ulceiated, extiuding the deposits Chem- 
ical studies showed the piesence of phosphate and caibonate of lime, 
no tiace of uric acid was piesent 

Symptoms and disoideis of the joints frequently accompany sclero- 
derma In 1898, Dercum 78 noted and pointed out this frequent rela- 
tionship Claude, Rose and Bouchaid 70 descnbe a case of sclerodeima, 
sclerodactylia and chi omc articular difficulty Apert 80 has also reported 
a case of sclerodeima with ankylosed joints in a child, aged 12 years 
Other observeis — Leontjewa, 81 and Adrian and Roederer 82 — also found 
arthropathies due to calcification accompanying scleroderma More fie- 
quent x-iay studies would undoubtedly reveal a greater incidence of 
calcinosis about joints in cases of sclerodeima 

Of interest, also, are two cases of scleiodeima with subcutaneous 
fibrous nodules without calcification The patient obseived by Gray 83 

76 Scholefield, R E, and Weber, F P A Case of Sclerodactylia with Sub- 
cutaneous Calcification, Brit J Dermat 24 200, 1912 

77 Logan, J R Unusual Calcareous Deposits in the Soft Tissues of the 
Hands, Arch Radiol & Electroth 28 55, 1923-1924 

78 Dercum, F X On Scleroderma and Chronic Rheumatoid Arthritis, J 
Ncrv & Ment Dis 25 703, 1898 

79 Claude, Rose and Bouchard, quoted by Bertolotti (footnote 2) 

80 Apert, E Sclerodermic avec arthropathies ankylosantes et atrophie mus- 
culaire che7 une enfant de douze ans, Bull Soc franc de dermat et syph 19 244, 
1908 

81 Leontjewa, L A Ueber veranderungen der Knochen und Gelenke bei 
Skerodermie, Arch f klin Chir 128 293, 1924 

82 Adrian, C , and Roederer, J Les arthropathies au cours de la sclerodermie, 
Ann de dermat et syph 1 299, 341 and 395, 1920 

83 Gray, A M H Generalized Sclerodermia with Subcutaneous Nodules, 
Proc Roy Soc Med 16 107, 1922-1923, Sect Dermat 
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had geneiahzed scleroderma with innumerable subcutaneous nodules 
attached to tendon sheaths, capsules of joints and periosteum and on the 
backs of the hands and feet Microscopic examination showed the 
piesence of fibrous tissue that had undergone hyaline degeneration It is 
intei esting to speculate as to whethei these hyaline changes were a fore- 
runner of calcification Bruhns 84 also describes a case of nodular 
tumors of the skin which were present over the abdomen, scapular region 
and left axilla Typical scleroderma “en bande” was also present 

I shall add to the previous nine cases of scleroderma and calcinosis 
collected and reported by Tluberge and Wiessenbach, and to the fore- 
going thirteen cases reviewed (including three cases of sclerodactylia 
with calcinosis) the report of the case of another patient who came 
under my own observation 


author’s case 85 

A white woman, aged 67, about thirty-seven years before examination had an 
ulcer appear on the lower portion of the right leg, edema of both legs was marked 
at times, and small bonehke areas appeared m the cutaneous tissues, gradually 
becoming more numerous The ulcers finally healed, but recurred at intervals 
Actne ulceration had been present on both legs for seven years The skm over 
the lower part of the legs became tight and drawn The small dots of bonelike 
deposits gradually became more numerous and fused into large plaques in and 
around the ulcerated areas There was nothing to suggest the presence of 
syphilis or tuberculosis m either the personal or the family history Varicose 
veins were not present Small areas of calcification in patches of scleroderma 
were also present o\er the forehead The skin of the fingers was tight and 
drawn The lower third of both legs was pigmented, dark brown and scarred, 
and the skm was tight Innumerable small calcified areas could be palpated just 
beneath the surface, and in many places they protruded through the skm, becoming 
fused into irregular plaques X-ray examinations showed extensive subcutaneous 
calcified deposits in the lower half of both legs, and calcified nodules around 
numerous joints The patient had advanced chronic nephritis and died from 
uremia The serum calcium was 7 4 mg 

A postmortem examination showed extensive calcification through the entire 
\ ascular sjstem Several of the large arteries and veins had the form of a solid 
tube A large calcified mass was present in the myocardium The right saphenous 
iein was replaced by a solid chain of calcified nodules Three parathyroid glands 
were present, and were of ordinary size The histologic structure seemed essen- 
tially normal 

The gross anatomic diagnoses w'ere generalized arteriosclerosis with extensive 
calcification, atheromatous ulcers, thrombus formation and aneurysmal dilatation 
of the aorta, phlebosclerosis , calcification of the mitral valve and adjacent myo- 
cardium, mitral insufficiency and slight stenosis, cardiac hypertrophy, sclero- 

84 Bruhns, C Ueber Knotenbildungen bei Sklerodermie, Arch f Dermat u 
Sjph 129 178, 1921 

85 This case has been reported in detail (Durham, R H A Case of Sclero- 
derma W'lth Extensive Subcutaneous, Periarticular and Vascular Calcification, 
Ann Clm Med 5 679 [Jan ] 1927) 
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derma of the legs, hands and forehead , subcutaneous calcified nodules and plaques 
in the regions of the legs and elbow , ulcers of the legs, with pigmentation and 
old scars, limitation of motion of the knee joint, edema of the ankles, chronic 
nephritis (small granular kidney) , acute purulent bronchitis , early lobular pneu- 
monia, hyperplasia of the tracheobronchial and cervical lymph nodes, old scars 
of the apexes of the lungs, calcification of the bronchial lymph nodes, colloid 
adenomas and old scars of the thyroid gland, duodenal ulcer, cholelithiasis, 
localized hyaline thickenings of the splenic capsule and senility 

Table 1 — Chemical Detenmnations of the Blood 
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Comparative Obsen ations in Calcification without Scleroderma 


Calcium about joints in 
infant (Tisdall and 
Erb 3 -) 9 3 

Calcium about joints 
(Ducnsse C 0 -Tucker) 10 22 

Calcium lolloping local 
infection (Pospelow co ) 10 15 
Epidermal calcification 
(Weidmnn rrt d Shaf- 91 
fer 33 ) 11 S 

Subcutaneous calcification 
(Wilcns and Derby) N 

Metastatic calcification 
(Wells «) t t 


4 5 

X* 270 N X 


188 300 89 

X 


3 

6 


16 


* “N” refers to a reported normal reading 

t No figures available, thought to bo Increased (Wells, H G , personal communication) 


LABORATORY OBSERVATIONS 

Composition of Conn etions — The concretions spontaneously 
extruded or excised fiom the cutaneous tissues have uniformly shown 
the presence of calcium phosphate and carbonate Hunter , 07 Wildbolz 4t> 
and others recorded the piesence of small amounts of magnesium also 
Uric acid and urates have always been absent, showing that the process 
is not related chemically to gout Quantitative determinations were not 
recorded Wells, however, found that the composition of most patho- 
logic deposits of calcium salts in the calcified areas m the body seems to 
be practically the same if not identical, whether laid down normally 
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(ossification) or under pathologic conditions His analyses showed that 
the CaCo 3 varied from 10 to 15 per cent, and the Ca 3 (P0 4 ) 2 from 85 
to 90 per cent 

Chemical Examinations of the Blood — In studying the chemical 
analysis of the blood m skin diseases, Pulay so found the calcium content 
hieh in two cases of sclerodeima Gitlow and Steiner obtained low 
figures for the serum calcium m one case obseived It is evident from 
table 1 that there is considerable variation in the serum calcium, 
e\en m the same type of case The figures are important mainly in 
showing that there is not constant ovei saturation of the blood with 
the calcium salts m scleroderma, as there is supposed to be m metastatic 
calcification 

COMMENT 

Although combined cases of scleioderma and calcinosis aie rare, the 
number of reported instances is sufficient to suggest that theie is such 
a clinical and pathologic entity In Lewen and Hellei ’s series there was 
an average of one case of the combined condition m every eighty-four 
cases of scleroderma reported In my series, the average is one case of 
scleroderma and calcinosis to every sixty cases of scleroderma It 
is true that it might be questioned whether these figures indicate more 
than a coincident relationship of the two conditions On the other hand, 
it is doubtful that x-ray examinations have been made in any large 
percentage of cases of scleroderma The close local relationship of the 
two conditions offers the strongest suggestion that they are not present 
by chance m the same person In several cases of calcinosis with local- 
ized scleroderma, the deposits were present only m the aieas of skin 
sclerosis Furthermore, the deposits in the tissues of the phalanges, m 
cases of sclerodactylia and scleroderma involving' the hands, seem 
fairly characteristic, although it is true that similar deposits, which 
followed local infections, are sometimes described without the accom- 
panying skin condition It seems logical to conclude that there is a 
definite relationship between the two processes despite the infrequent 
occurrence 

The priority of the appearance of the scleroderma or the calcinosis 
is not always made plain m the reported cases Even though the changes 
m the skm are not lecognized in the early stage, m those cases in which 
priority is mentioned, the sclerosis of the skin usually antedated the 
recognition of the calcified nodules 

Geographically, four cases are recorded to have occurred in England, 
three in France and six in the United States Most cases of uncom- 
plicated calcinosis are reported m the literature of France and Ger- 
many 

86 Pulay, E Sklerodermie mit Sklerodaktyhe, Wien med Wchnschr 71 . 
982, 1921 
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Deductions cannot be drawn fiom the ages of the patients Two 
cases occurred in boys, aged 4 and 12 The only man m the gioup 
was 47 , the recorded ages of the four other patients, women, were 36, 
27, 38 and 64, respectively The three cases with sclerodactylia occurred 
in women, whose ages were 34, 56 and 60 It is noteworthy that the 
time of onset in practically all of the cases m adults was early adult oi 
middle life 

The concretions vaned from small dots m the soft tissues aiound 
phalangeal joints to extensive aieas of bonehke plaques, numeious 
deposits having become fused The calcinosis was not limited to any 
single type of scleroderma, but occuired in most of the forms the 
symmetrical, the generalized, the circumscribed (morphea) and the 
digital No case of morphea guttata (white spot disease) was men- 
tioned The scleiosis of the skin likewise vaned fiom involvement of a 
poition of the hands to geneialized, widespread, symmetncal lesions 

Pathologically, the combined piocess does not differ from that of 
scleiodeima, with the addition of foreign bodies scattered through the 
superficial or connective tissues The epidermis is thin, with relative 
thickening of the horny layer The fibrous layer of the dermis is thick- 
ened, and subcutaneous cellular tissue is leplacecl by a dense connective 
tissue, more dense in the deeper parts The deposits of calcium aie 
found mostly m the midst of the dense connective tissues, but may be 
more superficial 

All of the cases weie under current clinical obseivation No case 
had come to autopsy except the one lepoited by me There seemed to 
be slow but definite progiess of both types of lesions, particulaily in 
older pei sons Except in my case, the condition had not been a factor in 
a fatality, this case had progiessed for thuty-seven yeais 

As the etiologic factoi of scleiodeima is by no means agieed on, and 
since opinions as to the causative mechanism of pathologic calcification 
are at such wide variance, ideas concerning the combination of these 
two conditions are even moie puzzling As is tiue in uncomplicated 
calcinosis, the variety of types and anatomic relationships add to the 
difficulty in ariivmg at conclusions that univei sally apply to all cases 
For example, the question arises whether the small pleomorphic deposits 
m the phalanges, as seen in both Raynaud’s disease and scleroderma, 
have the same etiologic factor, also whether the basic factor m then 
deposition is similar to that in cases with subcutaneous, penal ticulai and 
vascular involvement, which is sometimes extensive The question also 
arises as to the relation or origin of such deposits without scleroderma 
The cases m which the deposits are small and dotted predominate, and 
their presence raises a number of hypotheses about an alteration of 
the local metabolism of the skm and subcutaneous tissues, the process 
being more pronounced in scleroderma 
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There are several mechanisms through which calcification might con- 
ceivably occur in association with the scleroderma (1) as a result of 
parathyroid dysfunction, (2) as metastatic calcification, (3) by simple 
chemical precipitation and (4) by means of a physicochemical dis- 
turbance m which colloidal proteins play a role 

In experimental calcification, such as Hueper 87 and others produced 
by injecting paiathyroid hoimone, the deposits occurred most frequentl) 

Table 2 — Recapitulation 


Sex 

Age 

Age at 
Onset 

Location of 
Scleroderma 

Location of 

Calcium Deposits 

Accom- Accom 
panied by panied by 
Sclero- Raynaud’s 
dactylia Disease 




Cases of Scleroderma with Calcinosis * 



F 

36 

Sclero- 
derma 30 

Extremities, elbows, 
knees, feet 

In areas of scleroderma, 
m terminal phalanges 
and in larger tendons 

Yes 

Yes 

F 

3S 

Sclero- 
derma 18 
Calcino- 
sis 21 

Hands, lower part 
of arms, face, neck, 
back and buttocks 

Phalangeal, metatarso 
phalangeal and regions 
of left elbow 


Yes 

Onset at 14 

F 

27 


Palmar surface of 
both hands 

Phalanges and near 
olecranon 

Yes 


M 

47 

Sclero 
derma 2S 

Both sides of face 

In areas of scleroderma 

No 

Yes 

M 

4 

3 

Upper part of arms, 
shoulders and thighs 

In area of scleroderma 

? 

Yes 

F 

64 

57 

Hands, feet, chest 
abdomen 

In hands, olecranon and 
great toes 

Yes 


M 

12 

? 

Generalized 

Both legs, arms and 
buttocks 



F 

55 

Sclero 
derma 42 

Hands, arms, face 
and neck 

Forearm, joints of both 
hands and left elbow 

Yes 


F? 

67 

30 

Legs and fingers 

In areas of scleroderma, 
around many joints, wide- 
spread in cutaneous tissues 

Yes 





Oases of Sclerodactylia with Calcinosis 



F 

34 

Scleroderma 4 

Calcinosis 26 

Fingers of both hands 
and at elbow 


Yes 

F 

50 

Scleroderma 35 

Fingers and around left 
olecranon 



F 

60 

Childhood 


Lateral and flexor surface 
of all digits 




* Details of two cases of scleroderma with calcinosis (reported by Delherm, Morel and 
Couput) were not supplied 


m the excretoiy oigans, the lungs, stomach and kidneys The tissues 
of these organs aie more alkaline because of their continuous excretion 
of acids As the secretion from the sudonparous glands is normally 
neutral or slightly alkaline, and since the mterglandular tissues around 
the sweat glands are slightly acid after the alkaline secretion, the occur- 
rence of deposits of calcium in the skm or subcutaneous tissues as a 
result of parathyroid disturbance does not parallel experimental obser- 
vations Histologically, too, there is a diffeience In the experimental 

87 Hueper, W Metastatic Calcifications in the Organs of the Dog After 
Injections of Parathyroid Extract, Arch Path 3 14 (Jan ) 1927 
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type, the deposits of calcium were found in the mterglandular tissues 
around the excreting glands , whereas m the reported cases, with cuta- 
neous and subcutaneous involvement, the deposits were not in the 
mterglandular tissues, but were scattered diffusely throughout the con- 
nective tissue 

If paiathyioid dysfunction is accompanied by histologic changes in 
the gland, such pathologic processes are rarely found As before indi- 
cated, the parathyroid glands in my case seemed normal in histologic 
appeal an ce 

An intei estmg conollary, however, is some recent work showing 
that the secretions of the thyioid and the parathyroid g lands exert an 
antagonistic effect on each other, at least, several investigators have 
found that animals tolerate much more thyroid extract when parathyroid 
hormone is administered simultaneously Since thyroid dysfuncton is 
a frequent topic of discussion as a factor in scleroderma, and since 
parathyioid glands exert a regulatory influence on calcium metabolism, 
one might conjectuie that there is a thyroid-parathyroid syndrome in the 
dual process 

The cases regarded as metastatic calcification present several essential 
differences from the collected cases of calcinosis with scleroderma It is 
felt that the metastatic deposits may occur in tissues without demon- 
strable cell lnjuiy, whereas in the cases of scleroderma with cutaneous, 
subcutaneous 01 periarticular deposits, extensive vasculai changes with 
alteration of the blood supply to the tissues and structuial cell changes 
have been demonstiated Rarefaction of skeletal bones is usually a 
constant occurrence in so-called metastatic calcification In the cases of 
calcinosis with sclei oderma there was no rarefaction, except osteoporosis 
resulting from disuse In my case, the larger bones, particularly the 
calvaria, showed a marked increase in density In none of the cases 
studied was there an oversaturation of the blood with calcium salts, as 
is thought to be a regulai feature m the metastatic variety The theory 
of metastatic calcification is incompatible, further, since this type of 
deposit is said to occur m places where the blood contains the least 
carbon dioxide Obviously this condition is not present in the peripheral 
tissues It seems unlikely, therefore, that the mechanism of calcifica- 
tion with scleroderma is similar to metastatic calcification 

Simple chemical precipitation of calcium salts occurs on the basis 
of alteration of the composition of the secretions, as is frequently seen 
in the cells and tubules of the kidney As sweat contains a total of 0 57 
per cent of inorganic salts, of which the alkali sulphates and phosphates 
comprise 0 18 per cent, and since the excietory function of the skin is 
definitely altered in scleroderma, the simplest conception would be that 
the normal excretory mechanism is sufficiently changed to cause calcium 
retention and local deposits 
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Possible, but remaining to be proved, is the theory that as a result 
of sclerotic changes there is in or around the involved areas a local altera- 
tion of the normal p n of the cells and tissue juices With excretion 
diminished, these tissues would be expected to become more alkaline 
It is known, too, that calcium salts are less soluble m an alkaline than in 
an acid medium, hence, precipitation might occur on the basis of a 
decrease of the solubility of the calcium salts m the tissue fluids or as a 
result of decreased solubility in the blood which flows through these 
altered areas Obviously, these explanations do not throw any light on 
the numerous instances of deposits found m deeper tissues and around 
laige and small joints not m areas of scleroderma The frequent occui- 
rence of cutaneous and subcutaneous deposits within sclerotic skm areas 
must, however, be of some significance 

Seveial observations have been made to determine whethei the 
marked alteiation of morphology and function of capillaries occumng 
in scleroderma would aid m detei mining what local chemical or meta- 
bolic disturbances result Bi own and O’Leary 21 studied five so-called 
tiue cases of scleiodeima, and found a quantitative deficiency of the 
capillaiy loops which loughly paralleled the trophic changes, they also 
obseived many huge loops of increased length Vasomotor phenomena 
were slight 01 absent In five cases of the vasomotor type (Raynaud’s 
disease with sclerodermatous changes), dilatation, stasis and dis- 
tuibances of permeability were evident, to a great extent resem- 
bling the picture seen in true Raynaud’s disease as described by Brown 88 
The disturbances of the slun were apparently secondary to the abnormal 
vasomotoi leactions Gitlow and Sterner also noted enlargement of 
capillaries and sluggish flow of blood The venous ends weie distended 
like bulbs I have made similai obseivations In a case of scleroderma 
involving the hands and aims, normal capillary function was fiist 
studied, subsequent studies were made after hypodermic injection of 2, 
3 oi 4 minims (0 123, 0 184 or 0 246 cc ) of epinephrine Even 2 
minims of this drug produced almost complete stasis in small capillaries, 
with pronounced slowing of the blood flow m the largei ones The 
effect was fairly prolonged The impiession was gained fiom this one 
case that the effect of epmephnne seemed much more marked in the 
capillaries than was obseived m noimal controls More careful subse- 
quent studies aie being planned with loop counts, diameter observations 
and recoids of the blood pressure Should this obseivation be substan- 
tiated m other cases, the theory of endocrine influence as a factor m 
scleroderma may be strengthened further 

88 Brown, G E The Skm Capillaries in Raynaud’s Disease, Arch Int Med 
35 56 (Jan ) 1925 
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These obseivations on the penpheial circulatory sluggishness seem 
most important, however, in connection with Iiofmeister’s 03 chemical 
obseivations pieviously quoted It is his belief that as soon as a fluid 
in any way loses its free cai borne acid (for example, when the lattei is 
bound to an alkaline medium), piovided there is no increase m the 
velocity m the fluid flow 01 a highei piotem content, a deposition of 
calcium phosphate can occui These two observations do not permit 
final deductions, but may add a link in the chain of evidence 

Another likely possibility is that the colloidal proteins play a piomi- 
nent iole Wells feels that the caibon dioxide m maximum concentia- 
tion plus the eftect of the colloids oidinanly pi events calcium deposition, 
unless the content of the blood calcium is much higher than normal 
Hueper feels that the albuminous substances and the phosphates of the 
blood noimally keep the calcium salts in solution and buffer greatei 
changes m the p n of the blood, thereby pi eventing precipitation of the 
calcium lie advances the hypothesis that a deciease in the amount of 
albuminous substances in the blood, as is found duiing neplnitis (when 
consideiable quantities of the blood albumin aie excieted through the 
kidneys), ofifeis a mechanism foi the pi ecipitation of calcium salts 
Although such an explanation might fit m with the unusual degiee of 
subcutaneous, vasculai and pel larticular calcinosis found in my case, 
in many othei cases a lnstoiy of heavy excietion of albumin or maiked 
renal pathologic change was not emphasized A further consideiation is 
that the solubility of the calcium m the plasma is changed, although the 
amount of calcium in the whole blood is not above normal 

Thibieige and Weissenbach, aftei a detailed study of then case of 
scleroderma with scleiodactyha and calcinosis, felt that the elastic fibers 
did not play any pait in the calcification, which they consideied secondary 
to the f 01 mation of a moie oi less dense connective tissue, paits of which 
undeiwent a sort of colloid degeueiation which favored the deposition of 
lime salts This uncomplicated explanation, also favoied by Jadassohn, 
may possibly be the most impoitant factoi in the piocess No theoiy 
yet advanced, howevei, is sufficient m any way to explain why scleio- 
derma and calcinosis aie so infrequently associated The lack of detailed 
histologic and biochemical information about the individual cases pie- 
vents moie than speculative deductions A further correlation of 
accumulated data by physiologists and physiologic chemists may aid in 
an explanation of the pioblem 


SUMMARY 

1 Foui teen cases of calcinosis associated with scleioderma oi sclero- 
dactylia have been collected and added to the nine cases teported in 1911 

2 In four of the eight cases of scleiodeima and calcinosis, there 
was an accompanying scleiodactyha In thiee cases of sclerodactylia 
with calcinosis, theie was no recognizable sclerodeima 
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3 The deposits usually appear subsequent to the changes in the skin, 
though they are sometimes seen unaccompanied by the trophic disorders 
of the skin 

4 The calcinosis was not limited to any one type of sclerodeima 

5 The pathologic deposits of calcium vary from minute dots (“bony 
sand”) to large fused areas, usually m the connective tissues but some- 
times m the cutaneous tissues or extruding through the skm 

6 Frequent anatomic sites of deposit were the soft tissues of the 
phalanges and the areas around the olecranon and elbow joints 

7 Local inflammatory changes usually are not a causative factor 

8 The usual composition of the deposits was calcium phosphate and 
carbonate Uric acid was never found 

9 Chemical studies do not indicate any constant variation in either 
the whole blood or the serum calcium values There is no oversatuiation 
of the calcium salts as is thought to occur in metastatic calcification 

10 The calcinosis is unlike gout, tiue bone formations or calcium 
metastases 

11 In one case with extensive generalized deposits of calcium, his- 
tologic evidence of a pathologic parathyroid process was not found at 
autopsy 

12 That the combination of scleroderma and calcinosis constitutes 
a distinct pathologic entity, despite the infrequent occurrence, is sug- 
gested by the usual location of the calcinosis, by the fairly characteristic 
type of deposit and by the close local relationship of the two conditions 
(deposits usually in areas of scleroderma) 

13 It is nowise clear whether calcinosis with scleiodeima lesults 
fiom local metabolic alterations or deranged inorganic metabolism As 
m other types of pathologic calcification, the colloidal proteins are 
thought to play a prominent role 



THE BEHAVIOR OF THE PLASMA CHLORIDES 
IN OBSTRUCTIVE JAUNDICE * 

I S RAVDIN, MD 

AND 

M E MORRISON, MS 
Jacob Randolph Fellow in Research Surgery 
PHILADELPHIA 

During the course of some obseivations on dogs after experimental 
obstiuctive jaundice had been produced, we weie sui prised at the fre- 
quency with which a reduction of the plasma chlondes occurred after 
complete obstiuction of the duct and cholecystectomy m the same 
animal The degree of reduction in the sodium chlonde varied some- 
what m different animals, but in all animals m which the obstiuction was 
complete and in which the gallbladder had been removed, some depres- 
sion m the amount of chlorides resulted This behavior of the plasma 
chlorides may be, and piobably is, only one pait of an alteration in the 
entire physicochemical system of the animal, but it is most striking 
The results heie published are merely part of a moie extensive stud} 
now being carried out 

In 1923, m a paper on “Obseivations on the Regulation of Osmotic 
Pressure,” Gram 1 published some lesults of estimations on the plasma 
chlorides in human beings In this work, he had fuither puisued the 
observation of himself and Norgaaid 2 that a lemaikable constancy of 
the ratio existed between the sodium chloride of the serum and the con- 
ductivity In this fuither study, Giam included patients suffeimg from 
a number of diseases, among whom weie seveial with jaundice In his 
summary, he stated that 

(a) Decreases of conductivity are due to changes in the salt content of the 
serum This decrease occurs under two circumstances (1) A primary 

decrease of salts with consequent low osmotic pressure in cases with simultaneous 
low salt intake and the formation of exudates and transudates, (2) a secondary 
decrease of salts tending to keep down the high osmotic pressure caused by an 
increase of non-electrolytes (sugar, urea, and gall constituents) 

He presumed that jaundice belonged to the lattei group 

In the animals used m our expenments, the degiee of hyperbiliru- 
binemia was estimated by the van den Bergh leaction The stools weie 
repeatedly examined for bile At first, we had some trouble because of 

•i From the Laboratory of Research Surgery of the University of Penn- 
sylvania 

1 Gram, H C J Biol Chem 56 593, 1923 

2 Gram, H C , and Norgaard, A J Biol Chem 56 429, 1923 
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reformation of the duct continuity This was theieaftei prevented b) 
oversewing the distal end of the duct with the omentum The reestab- 
lishment of the bile flow to the intestine resulted in a rapid decrease m 
the bihrubmemia and a rise in the plasma chlorides It will be seen 



Chart 1 (dog 1) — Chloride values after simple ligation of the common duct 



Chart 2 (dog 2) — Chloride values after simple ligation of the common duct 


from the charts that an increase in the chlorides occurred at times even 
before a decrease in the blood bilirubin was ascertained 

One of the most interesting features in this work was the behavioi 
of the plasma chlorides in those cases m which the gallbladder was not 
removed at the time of ligation of the common bile duct In these cases, 
the only decrease in the plasma chlorides was that which might occur 
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Chart 3 (dog 4) — Changes in the chloride plasma after ligation of both the 
cystic and the common ducts 
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Chart 4 (dog 5) —Changes in the chloride plasma after ligation of both the 
cystic and the common ducts 
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immediately after operation That a decrease might be noted at a latei 
stage of obstruction when jaundice had resulted is possible, but the 
behavior of the chlorides a few days after operation is entirely different 
from that after cholecystectomy and ligation of the common duct In 
another group of dogs, the gallbladder was removed, and the flow of 
bile to the duodenum was not disturbed Here, too, depression of the 
chlorides was not manifest In fact, although it may occur m the normal 
variation of plasma chlorides, in these cases the chlorides showed a 
tendency to increase 

The accompanying charts illustrate the concentration of the plasma 
chlorides in grams of sodium chloride per liter, after three types of 
operations on the biliary tract of the dog The first group (charts 1 
and 2) show the chloride values aftei simple ligation of the common 


Table 1 — Concent* aHon of Plasma Chlorides Aftei Ligation of the Common Duct 

m Dogs m Gioup 1 



Sodium Chloride, Van den Bergh 



Gm pel , *— 

■ 1 " \ 


Date 

1,000 Ce Direct 

Indirect 

nog i 

10/ 6/26 

611 



10/ 7/26 

635 



10/11/26 

Ligation of common duct 



10/13/26 

629 



10/16/26 

6 41 



10/18/26 

6 35 



10/20/26 

Reopened dog and explored region of com 



mon duct, found the common duct dilated 



and no other branch 


Dog 2 

10/20/26 

611 



10/2J/26 

Ligation of common duct 



10/22/26 

5 78 Negative 

Negative 


10/25/26 

6 03 Negative 

Negative 


10/27/26 

6 07 Negative 

Negative 


10/29/2 6 

6 40 Negative 

Negative 


11/ 3/26 

6 00 Negative 

Negative 


duct They do not show any appieciable change Gioup 2 (charts 3, 
4, 5, 6 and 7 ) give the changes in the chloride plasma after ligation of 
both the cystic and the common ducts In these, it will be seen that 
the amount of plasma chloride decreases, usually within twenty-foui 
hours after operation, and continues to drop, remaining low as long as a 
h) perbihrubmemia exists The chlorides show a tendency to increase to 
within normal values even before a decrease m the bihrubmemia is man- 
ifest Group 3 illustrates the concentrations of the plasma chloride 
after cholecystectomy It will be seen that in these animals a depression 
of chlorides does not occur 

The plasma chlorides weie detei mined by the method of van Slyke, 3 
except m dog 1 5 , m that case, the method of van Slyke and Donleavy 4 
was used 


3 Van Slyke, Donald D J Biol Chem 58 523, 1923-1924 

4 Van Slyke, Donald D , and Donleavy, John J J Biol Chem 37 551, 1919 
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Chart 5 (dog 10) — Changes in the chloride plasma after ligation of both the 
cystic and the common ducts 


7 0 

6 6,5 

M 

.J 

K * 

a 

£ 6.0 

§ 

r-J 

5 

£ 5.5 

n 

o 

V) 

PS' 

5 

u 5.0 

4.5 





,0per 

< 

ition 

» 











J 






0 1 Z 3 4 

NO OF DA'YS 


Chart 6 (dog 12) —Changes m the chloride plasma after ligation of both the 
cystic and the common ducts 
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Chart 7 (dog 15) — Changes in the chloride plasma following cholecystectomy 
and ligation of the common duct 
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Chart 8 (dog 7) — Chloride values after cholecystectomy without ligation of 
the common duct 
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Chart 9 (dog 13) — Chloride values after cholecystectomy without ligation of 
the common duct 
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Chart 10 (dog 14) — Chloride values after cholecystectomy without ligation of 
the common duct 
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The impoitance of lecognizmg a depiession of chlorides in patients 
suffering from obstiuctive jaundice is not definitely known It may be 
that in the patient who is extremely ill, the restoration of the chlonde 
which has been depleted would be attended by less operative risk 
Recently, considerable emphasis has been placed on the administration of 
large amounts of fluid to patients before and aftei operation In many 
of the patients so benefited, the impiovement may be the result of 
restoration of the sodium chloride lost during depletion 

Whether the depression of plasma chlorides which we have obseived 
is the result of an attempt at osmotic compensation or still other f actoi s, 
remains in doubt Ni 5 recently reported an increase m the blood sugai 
which accompanied a pi unary depiession of the chlorides In obstruc- 
tive jaundice, a rise in the blood sugar values has not been found in oui 
animals, even though the chloride depression has been maiked, so that 
the mveise ratio, as Ni calls it, between dextiose and chloride does not 
exist m these cases We believe that, besides an attempted osmotic com- 
pensation, the gallbladder itself may play some pait in the chloride 
metabolism after obstructive jaundice 

SUMMARY 

Data are presented concerning the chloride metabolism after liga- 
tion of the common duct (group 1), cholecystectomy and ligation of the 
common duct (group 2), and cholecystectomy alone (group 3) In 
groups 1 and 3, depression of plasma chlorides was not found In 
group 2, a reduction in the plasma chloi ides occui i ed, varying in degree 
but consistently piesent whenever ligation was complete and the gall- 
bladder out of the circuit 

5 Ni, T G Am J Physiol 78 158, 1926 



BRON CHOMONILIASIS 

REPORT OF A CASE FROM PORTO RICO * 

W R GALBREATH, MD 

AND 

CHARLES WEISS, MD 

r 

PORTO RICO 

Bronchomomliasis was first descubed as a disease entity by 
Castellam 1 in 1905, while he was working in Ceylon The disease has 
since then been obseived in various tropical, subtropical and temperate 
regions Cases have been reported from India, South Africa, West 
Africa, Soudan, Egypt, the Belgian Congo, South America, France, 
southern Italy and England Boggs and Pmcoffs 2 also published records 
of a case from Baltimore 

ETIOLOGY 

Castellam and Chalmeis stated that bronchomomliasis is geneially 
due to Momha U opicalis m Ceylon, South India and the Malay States 
They expressed the opinion that the fungus is the real cause of the dis- 
ease, since no other etiologic agent, such as the tubercle bacillus, is 
found Moreover, when the condition improves, the fungus becomes 
scanty or disappears completely Castellam 3 also described other non- 
pathogenic species of Momha m chronic bronchitis These species are 
M pat ah opicahs, M pmoy, M husei and others We have found 
Momha psilosis (aslifordi) in a case originating in Porto Rico 

Under the term Momha is included a genus of microscopic plants 
belonging to the class of Hyphomycetes or “fungi imperfecti,” the vege- 
tative body or thallus of which appears in the lesions in the tissues (i e , 
in its parasitic life), as a mass of mycelial threads or free-budding 
forms , some of the mycelial filaments are long and branched and often 
present arthrospores An investigation of the biochemical characteristics 
of Momha shows that it often ferments dextrose and other carbo- 

*From the Presbyterian Hospital, San Juan, Porto Rico, and the School of 
Tropical Medicine of the University of Porto Rico, under the auspices of Colum- 
bia University 

1 Castellam, A Hemorrhagic Bronchitis of Non-Tubercular Origin, Proc 
Internat Conference on Health Problem in Tropical America, Boston, United 
Fruit Company, 1924, p 857 

2 Boggs, T R , and Pmcoffs, MCA Case of Pulmonary Moniliasis in the 
United States, Tr A Am Phys 30 474, 1915 

3 Castellam, A , Douglas, M , and Thompson, E Notes on Mixed Mycotic 
Infection of the Bronchi, Mixed Momha and Anaeromyces Infection, J Trop 
Med 28 257 (July) 1925 
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hydrates with the production of acid and gas, and on the basis of these 
chai actei istics Momhae have been classified by Castellam into several 
gioups It may be pointed out that Momhae which present the same 
biochemical propeities may differ enormously as regards pathogenicity, 
some pioduce a seveie infection when inoculated into the rabbit or 
gumea-pig, while others appear to be haimless 

In recent years, there has been a widespread interest m the study of 
Momlia m 1 elation to chiomc diseases of the respnatory tract Many 
types of yeastlike oigamsms have been isolated from the sputum of 
patients with chiomc bronchitis and asthma by vanous mvestigatoi s, 
particulai ly Kotlas, Wachowialc and Flei slier 4 of St Louis and Stem- 
field 5 * * 8 of Philadelphia Relief fiom symptoms was obtained m many of 
these patients by treatment with autogenous monilia vaccines The 
mvestigatoi s fiom St Louis assumed that “the momlia are secondary oi 
concomitant factors, although possibly they may be the chief ones 
m maintaining the chromcity of the symptoms It is possible that 
some irritant agent, bacterial, toxic or mechanical, may initiate m the 
mucosa of the bionchus ceitam changes as a result of which the momlia 
are now able to gi ow and maintain their existence here ” At present, 
however, there is no agreement among wntei s as to what constitutes the 
genus Momlia and as to whether it has a primary or merely secondary 
role m the etiology of nontuberculous chronic bronchitis 

SYMPTOMATOLOGY 

Mild, intermediary and severe types of the disease are described by 
Castellam The symptoms m general are dyspnea, cough, expectoia- 
tion, with or without blood, and fever The disease is characterized by 
frequent remissions and exacerbations During the periods of remis- 
sion, the fungus grows less or may entuely disappeai from the sputum 

In the mild type, the patient looks well and complains of a slight 
cough The expectoration is mucopurulent, yellowish, gieemsh or 
whitish and often scanty, without blood The disease niay end spon- 
taneously within a short period or last longer, lemammg stationary or 
passing into the seveier types 

In the intermediary type, the patient complains of more or less 
severe cough and dyspnea, and not infrequently of subcontmuous fever 
The cough comes in paroxysms and is worse in the morning and at night 
than m the daytime Cnses of severe hemoptysis rarely occur Fever is 

4 Kotkis, A J , Wachowiak, M , and Fieisher, M S Relation of Momlia 
to Upper Air Passages, Arch Int Med 38 217 (Aug ) 1926 

5 Steinfield, E Bronchomycosis Associated with Certain Types of Bronchial 

Asthma, J A M A 82 83 (Jan 12) 1924, A Study of the Yeast Found m the 

Sputum of Patients with Asthma and Chronic Bronchitis, J Lab & Clin Med. 

8 744 (Aug) 1923 
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usually absent although at times theie is a subcontmuous or continuous 
fever Bodily nutrition may be well maintained The physical signs of 
the chest are the same as m chronic bionchitis 

The seveie type of the disease runs a chronic course and almost 
invariably ends fatally One or both lungs may be affected, and the 
pleura is frequently involved There is cough, expectoration of blood 
and hectic fever The appetite is bad and the patient looks emaciated 
The course of the disease closely resembles that of tuberculosis The 
physical examination of the chest reveals patches of dulness due to con- 
solidation and pleuial thickening, bronchial bieatlnng, diminished or 
entnely absent vesical muimurs, crepitations, pleuritic friction sounds, 
and later, signs of cirihosis of the lungs with its sequelae 

DIAGNOSIS 

The diagnosis of bionchomomliasis is based on the constant finding 
of a pathogenic species of Momha in the expectoration of the patient 
It is difficult to lule out the significance of various bacteria such as the 
pneumococcus, streptococcus and staphylococcus which are commonly 
piesent m the sputum By the method of Bull and Tao, G it may be 
shown that Momha will grow better in the blood of the patient than 
m normal controls (Weiss and Landron 6 7 ) 

The sputum, collected after thoiough rinsing of the mouth with an 
alkaline antiseptic solution, should be placed in a sterile Petri dish 
Occasionally, Momha may be seen by duect microscopic examina- 
tion, usually it is best to stieak the sputum (after washing it with sterile 
saline) over the surface of a Sabouiaud dextrose agar plate, 6 5, and 
to incubate at 35 C for from one to foui davs One should look for 
rather large cieamy white opaque colonies By means of the low power 
objectne (1/6 i the colonies of Momha p silo sis may be seen as coarsely 
granular, resembling a mosaic of tiny glass marbles 

A puie colony should be transplanted to various carbohydrate 
mediums in fermentation tubes and into gelatin and litmus milk Most 
Momha e do not ferment lactose, mannite, dulcite, dextrin, the various 
vegetable starches or glycerin The characteristics of Momha pKilosis 
( ashfordt ) aie given under the heading “Cultural Studies ” 

Intra\enou- injections should be made into the lung of rabbits to see 
if the strain of Momha is pathogenic and capable of producing pul- 
monary lesions Many saprophytic M onihae may be encountered , these 

6 Bull, C G, and Tao, S M A Method for Determining the Anti-Pneu- 
mococcal Properties of Whole Blood and the Protective Power of Immune Serum, 
Am J Hyg 7 648 (Sept) 1927 

7 Weiss, C, and Landron, F Immunological Studies of Tropical Sprue in 
Porto Rico, Am J Trop Med, to be published 
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do not have any etiologic lelationship to bronchomoniliasis Intravenous 
injections of other species of Momha may kill rabbits, but fail to pro- 
duce pulmonaiy lesions, hence, these are considered to be meiely sec- 
ondaiy invaders The species of Momha is considered by Castellam to 
be the real caustive agent when it produces m rabbits (on injection into 
the lung) a number of small pulmonary nodules showing endothelial 
proliferation, giant cells and Momhae 

Pnmary bronchomoniliasis should be differentiated fiom the sec- 
ondary type not mfiequently met with in cachetic disease such as cancel, 
tuberculosis and diabetes In these cases the mucous membranes of the 
mouth, phaiynx, laiynx and bionclu aie covered with the fungus, 
whereas in genuine bionchomonihasis the mouth and phaiynx aie not 
affected It should be diffei entiated from tuberculosis by the absence ot 
the tubercle bacillus in the expectoration, and by the negative results 
fiom inoculations into animals, fiom bionchospnochetosis and endemic 
hemoptysis by the absence of spnochetes and ova of Paiagonnun 
westcj mamn 

Prognosis is favoiable in the mild cases, the mtermediaiy types are 
chronic and difficult to cure, and the severe types, as a lule, end fatallv 

TREATMENT 

Potassium iodide is consideied to be the specific in this disease, and 
patients with mild cases often lecover with its use Doses of fiom 
0 5 to 1 5 Gm , well diluted in watei or milk, are given thiee times daily 
In severe cases the diug is useless 

In connection with the use of potassium iocide, ueosote and tomes, 
especially phosphoric and arsenical compounds, the question of nourish- 
ing food and residence in suitable climate should never be neglected 
Vaccine therapy may be tried Farah s obtained excellent lesults fiom 
the use of mtiamuscular injections of 2 cc of a solution of iodized oil 
40 per cent — into the gluteal region of his patients on alternate days , as 
many as forty injections weie given without any signs of lodism 
Patients with the mild and mteimediary types of the condition weie 
greatly benefited This treatment appears to be useful in eaily cases 
before any serious damage has occurred to the lungs 

REPORT OF A CASE 

Histai y — G A S , an American man, white, aged 34, married, a clerk in a 
stationery store, had lived in Porto Rico twelve years He was admitted to the 
Presbyterian Hospital on April 23, 1926, complaining of pam in the chest, night 
sweats, persistent cough in the mornings with occasional expectoration of blood- 


8 Farah, N Observations on Castellam’s Bronchomoniliasis, J Trop Med 
26 1 (Jan) 1923 
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tinged sputum, frequent headaches, occasional attacks of diarrhea alternating with 
constipation, and daily fever During the war, he had been in the military service 
m Porto Rico and had suffered from a severe attack of influenza In 1918, when 
discharged, he was m a poor physical condition and complained of cough, pain 
m the chest, shortness of breath, fever in the afternoon and night sweats His 
condition was diagnosed as tuberculosis, and he went to a local sanatorium where 
he spent six months, most of the time in a recumbent position He made little 
improvement in his general condition during this treatment and showed a daily 
rise in temperature During the interval between 1918 and 1926, numerous exami- 
nations of the sputum were made for tubercle bacilli, but evidence of the bacillus 
was never found The diagnosis of tuberculosis was made m this sanatorium on 
the basis of physical observations and roentgen-ray examinations 

The patient had had measles, whooping cough, chickenpox and diphtheria during 
childhood , typhoid fever had occurred at the age of 12 and malaria some time later 
He had had influenza in 1917 He said that he had not had any venereal infections 

Physical Examination — The patient was m a good state of nutrition Exami- 
nation of the chest revealed rough breathing below the angle of the right scapula 
and some roughness of the breath sounds at the end of inspiration in the left 
mfraclavicular area close to the sternum The percussion note was impaired over 
the upper and middle lobes of the right lung and slightly impaired over the apex 
of the left lung Just below the right clavicle moist bubbling rales were heard 
which disappeared after coughing, but returned promptly Bronchovesicular 
breathing was heard below this area The heart was somewhat enlarged, the 
apex being at the sixth interspace in the anterior axillary line Rhythm and tone 
were regular, murmurs were not noted 

During the two weeks of observation m the hospital, the patient’s temperature 
was usually about 99 F, but on a few occasions it rose as high as 100 4 F The 
pulse rate fluctuated from 60 to 90, and the respirations were usually about 20 
per minute The patient’s weight on admission was 141 5 pounds (64 0 Kg ) and 
was the same when he left the hospital 

Since his discharge from the Presbyterian Hospital in 1926, the patient has 
been under observation in the clinic He has continued his work and has refused 
to take any medical treatment About two months prior to presentation (Jan 27, 
1928), he had had an attack of hemoptysis Laboratory and roentgen-ray examina- 
tion still failed to reveal any evidence of tuberculosis Monihae were present in 
abundance in the sputum 

Laboiatoiy Examination — Urinalysis revealed an acid reaction, specific gravity, 
1 027, and an absence of albumin, sugar and casts, and abnormal constituents in the 
sediment 

Examination of the feces on April 23, 1926, showed Tnchnris Uichtma eggs 
to be present, an examination on June 7, 1927, revealed Monilia- psilosis isolated on 
Sabouraud dextrose agar plate 

Examination of the blood on April 23, 1926, showed red blood cells, 4,400,000, 
white blood cells, 8,100, hemoglobin, 80 per cent, polymorphonuclears, 70 per cent, 
mononuclears, 30 per cent 

An examination on April 29 showed white blood cells, 9,700, polymorpho- 
nuclears, 64 per cent , eosinophils, 9 per cent , mononuclears, 24 per cent , 
transitionals, 2 per cent 

Examination on Jan 26, 1928, showed red blood cells, 3,300,000, white 
blood cells, 7,800, hemoglobin, 70 per cent (Dare) , polymorphonuclears, 66 per 
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cent, small lymphocytes, 30 per cent, large lymphocytes, 2 per cent, and transi- 
tionals, 2 per cent (100 white blood cells counted) 

A chemical examination of the blood on May 27, 1927, revealed sugar, 125 mg 
per hundred cubic centimeters , urea nitrogen, 7 mg per hundred cubic centimeters , 
uric acid, 4 2 mg per hundred cubic centimeters , creatinine, 1 5 mg per hundred 
cubic centimeters 

Bacteriologic examination of specimens of sputum taken at daily intervals for 
one month (from May 7, 1926, to June 5, 1926) were negative for tubercle 
bacilli On June 10, 1927, several specimens were again examined by the direct 
and antiformin methods and found negative for tubercle bacilli Cultures of the 
sputum on Lubenau’s medium were also negative Pneumococci, streptococci and 
staphylococci were isolated Dark-field examination did not reveal any spirochetes 
Cytologic examination of the sputum revealed large round cells and also much 
mucous and bronchial epithelium, a few red blood cells and white blood cells 
were seen 

Mycologic examination of the sputum using Sabouraud agar gave se\eral 
colonies of Momlm psilosts on numerous occasions On June 20, 1927, specimens 
of the patient’s sputum, treated with antiformin, were inoculated into two guinea- 
pigs They did not show any signs of tuberculosis for four months On June 24, 
1927, 2 cc of a saline emulsion made from a three day old culture of Monika 
psilosis isolated from the patient’s sputum was injected intravenously into a rabbit 
The animal died on the sixth day 

Postmortem examination revealed congestion of the lungs and large white 
kidneys Momliac w r ere isolated from these organs 

Microscopic examinations of the tissues of the animal were made bv Dr R A 
Lambert, Professor of Pathology, and Director of the School of Tropical Medi- 
cine of the University of Porto Rico He reported as follows 

“Acute destructive inflammatory foci are found in the lung, kidney s and tongue 
The lung show's a widespread oedema, small poorly defined foci, with necrosis and 
polynuclear infiltrations in the center surrounded by a zone m which there is 
mono nuclear infiltration and epithelial and connective tissue proliferation The 
kidney shows more marked inflammatory changes, though quantitatively like those 
in the lung In some of the suppurative foci clumps of yeast-like structures are 
easily recognized by their pale basic stain, well defined cell membrane and double 
contour Many of the tubules are filled with pus Proliferative changes are 
marked The liver presents fatty changes of moderate degree, but no focal 
inflammatory lesions The spleen and heart are negative The section of tongue 
includes a small area of ulceration covered by a membranous exudate 

Diagnosis Acute focal inflammatory' lesions of tongue, lung and kidne\ 
(Experimental Moniliasis ) 

On Jan 20, 1928, the patient coughed into a Petri dish containing Sabouraud 
medium A few colonies of Monika were found On Jan 26, 1928, the patient 
expectorated a thick -viscid sputum wuth much visible blood Microscopically, a 
mass of leukocydes and red blood cells were seen embedded m mucus Tubercle 
bacilli could not be demonstrated by either direct smear or the antiformin methods 
The results of inoculation into guinea-pigs for tubercle bacilli were negative (The 
animals were observed for three months) 

Cultural Studies — Momliac which we isolated conformed in every way to the 
description given by Ashford The latter corroborated our mycologic observations 
in this case The colonies on Sabouraud dextrose agar were thick cream-colored 
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If cultivated for several weeks on the surface of a Sabouraud slant, the culture 
assumed the appearance of a cameole with delicate arborizations extending into 
the substance of the medium 

Yeastlike oval forms were readily found in young as well as m old cultures 
These had a definite capsule containing hyaline plasma with a vacuole containing 
one or more actively motile bodies Mycelial threads were obtained by digging 
into the agar with the platinum loop, these presented subdivisions by means of 
septums and often motile bodies Budding cells were also seen 

The following is a summary of the behavior on various mediums In 
Sabouraud dextrose agar (/>h 6 5), there were typical, creamy elevated colonies In 
gelatin there was no liquefaction , an inverted pine tree was present In litmus 
milk, there was no coagulation and the medium became progressively more alka- 
line In dextrose, maltose, d-mannose or raffinose broth, acid and gas were 
produced Acid production was delayed in saccharose and galactose and acid in 
xylose broth There was no liquefaction m Loeffier’s coagulated beef serum In 
Russel’s double sugar the butt was slightly acid, the slant, alkaline In lead 
acetate agar, the butt was negative, the slant showed brown discoloration The 
organism grew well in a J Howard Brown anerobic jar, and produced active 
fermentation of maltose under a petrolatum seal 

Roentgen-Ray Examination — A roentgen-ray examination on Nov 27, 1922, 
by Dr Roses Artau, showed the right pulmonary shadow excessively accentuated 
The glands were enlarged , there w'as nuclear condensation There was possible 
apical pleurisy on the right side 

On March 31, 1923, both apexes were slightly less transparent There were 
increased hilum shadow's with diffuse infiltration of both lungs 

On Sept 19, 1923, there was slight infiltration of both apexes and increased 
lnlum shadows The peribronchial nodes w'ere calcified 

On June 23, 1925, the bases and apexes w'ere normal The lnlum shadows had 
increased, and there was slight fibrosis with discrete mottling 
On Dec 28, 1925, there was slight mottling of the median lobe of the right lung 
The last examination on Jan 27, 1928, was taken during a period of exacerba- 
tion of the patient’s symptoms, while he was in poor general health and suffering 
with daily afternoon rise in temperature and expectorating a thick viscid sputum 
containing much free blood and many cells and Montha There was extensive 
peribronchial infiltration with apparent calcification of glands near the lnlum 
The parenchvma was mottled throughout both bases with several small abscesses 
m the middle lobe of the right lung There was a marked thickening of the pleura 
on the left side The apex of the left lung was clear , the right was slightly cloudy 
The heart shadow' w'as slightly increased 

SUMMARY 

A case of pulmonary moniliasis is reported occurring in a white 
American man, who has been living m Porto Rico for twelve years 
The symptoms simulate chronic pulmonary tuberculosis, but lepeated 
examinations of the sputum over a period of ten years by direct micro- 
scopic and antiformm methods as well as by animal inoculation have 
failed to show the presence of tubercle bacilli On the other hand, there 
is always present in the sputum a yeastlike organism of the genus 
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Monika psilosts ( ashfouh ), which is pathogenic for guinea-pigs and 
labbits, and produces neciosis of the lung with mononucleai mfiltiation 
and connective tissue pi oh f eiation on mtrapulmonaiy injection into lab- 
bits These animals usually die within six days and show a geneial 
moniliasis with inflammatory lesions of the tongue, lungs and kidneys 
These laboratory observations together with the lesults of the 
roentgen-iay examinations and the clinical history of the case lead us to 
legard this as a case of bi onchomomhasis That Moniltae aie the pn- 
maiy cause of the disease and not secondaiy invading organisms which 
conti lbute to the chiomcity of the disease and its toxic symptoms has 
not been absolutely pioved 



SOME OBSERVATIONS ON THE SCAPULAE 
OF THE CHINESE * 

H DABNEY KERR, MD 

CATONSVILLE, MD 

In 1906, Giaves began his observations on scapular types and their 
1 elation to morbidity m the individual subject Since then, m numerous 
papers he 1 has presented the results of his studies, which include a 
classification of scapulae according to their vertebral borders, as convex, 
straight and concave The last two types he grouped together and 
called scaphoid In them, he found that the bone is longer, the inferior 
angle more acute and the spine more horizontal The classification 
of scapulae according to age periods showed a striking decrease m the 
incidence of the scaphoid type as old age was approached This he 
explained as due either to a change from the scaphoid to the convex 
type, as the individual grew older, or to a greater mortality among 
those with the scaphoid type of scapula Examination of the scapulae 
of the fetuses showed definite types as eaily as the tenth week, and 
lepeated observations on persons over periods of years did not disclose 
any change in the individual scapular form This convinced Graves 
that the scapular chaiacteristics for persons do not vary with age, and 
that the scaphoid type of bone is an indication of increased susceptibility 
to disease and occurs among those he calls the “potentially sick” of 
the lace According to Graves, scapular forms are hereditary, and 
are an indication of longevity and of moibidity in general At one 
time, he thought that the scaphoid scapula might be an indication of 
syphilis in the ascendants, and a sign of general degeneration 

The investigations of Warburg, 2 Cunningham, 8 Kollert, 4 Chotzen 5 
and others confirm the observations of Graves concerning the frequency 
of scaphoid scapulae in general and its deci easing frequency m the 

From the Department of Roentgenology, Peking Union Medical College, 
Peking, China 

1 Graves, W W J Cutan Dis 31 241, 1913 The Relations of Scapular 
Types to Problems of Human Heredity, Longevity, Morbidity and Adaptability 
in General, Arch Int Med 34 1 (July) 1924, Methods of Recognizing Scapular 
Types in the Living, ibid 36 51 (July) 1925, The Plus-Potentially Sick of the 
Race, Glasgow, Alexander Macdougall, 1925 , The Relation of the Shoulder Blade 
Types to Problems of Mental and Phy sical Adaptability, London, Oliver & Boyd, 
1925 

2 Warburg Med Klin 9 1851, 1913 , Klin Wchnschr 2 31, 1919 

3 Cunningham, R L The Scaphoid Scapula, Arch Int Med 10 589 (Dec ) 

1912 

4 Kollert Wien klm Wchnschr 24 1299, 1911 

5 Chotzen Klin Wchnschr 55 949, 1918 
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succeeding age periods Regarding the question of interpretation, how- 
ever, some writers, especially Warbuig and Cunningham, do not agiee 
They are of the opinion that the scaphoid scapula is simply a normal 
variation from the usual convex type It is interesting to note that 
these observers examined peisons in only one age penod (Warburg 
from 6 to 7 yeais, Cunningham from 16 to 25 years) and could not 
find any signs of degeneration, either physical or mental, m persons 
with scaphoid scapulae when compared with those with convex scapulae 
Cunningham’s obseivations were made on college and university stu- 
dents, and she feels that if there is any difference m mental capacity 
between those having convex and scaphoid types, the advantage is m 
favoi of the latter 

There does not seem to be any doubt about the existence of a 
progressive deciease in the incidence of scaphoid scapulae m succeeding 
age penods and, as Graves says, there can be only two possible 
explanations either the scaphoid type is converted into the convex 
type, or many of the scaphoid gioup aie eliminated tluough death 
He believes that theie is evidence to show that the scapulai type is 
deteimmed early in fetal life and piobably continues without change 
in type throughout the life of the person Cuitius, 0 on the other hand, 
states that his observations support the view of change of the scapulai 
form, m that he found relatively few scaphoid forms at birth and 
a rapid increase in incidence with advancing age, followed by a falling 
off again as adult life is reached He feels that rickets and musculai 
pull deteimme the type, except for the laie congenital cases Those 
with scaphoid scapulae also showed othei stigmas of rickets Regarding 
muscular pull, he believes that if the infraspinatus — subscapulans — 
serratus antenor group is stronger than the rhomboid group, the concave 
type will result, if they are equal, the straight type will predominate, 
whereas, if the lhomboids are the strongei, a convex boidei will result 
Granting that this explanation is coirect, there is still the fact of the 
decreasing incidence of scaphoid scapulae with each decade of life to 
explain Unless there is a change in the form of the scapulai veitebral 
border after adult life, which is scarcely conceivable, there must be a 
higher rate of mortality among bearers of the scaphoid type 

In order to determine the occurrence of scapular types and their 
incidence among the Chinese, observations were made on 546 persons 
ranging from 15 to 78 years of age The observations were made 
according to Graves’ method of palpation In a laige number of cases, 
roentgenologic examinations were made for confirmation These were 
made only on adults, however, in order to be sure that the vertebral 
border was ossified 


6 Curtius, F Deutsche Ztschr f Nervenh 92 101, 1926 
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Of the 546 cases, 258 or 47 2 per cent of the subjects had convex 
scapulae , 194, or 35 4 per cent, had straight scapulae, and 94, or 17 4 
pei cent, had concave borders Convex scapular vertebral holders were, 
therefore, found m 47 2 per cent of the cases compared with 52 8 
per cent of the scaphoid type Examinations were not made of persons 
under 15 years of age According to age periods, there was an extremely 
definite drop m the incidence of the scaphoid type with each decade, 
as is shown by the accompanying table There was not only a decrease 
m the frequency of the concave type but also a decrease definitely 
m the straight type 

In classifying the scapulae obseived, it was found that 94, or 174 
per cent, were of the mixed type and weie practically always either 
convex and straight or concave and stiaight, only 3 being combined 
convex and concave In these cases, those with one convex scapula 
were classified as convex, and those with one concave scapula were 
classified with the concave 


Age Incidence of Scaphoid Scapulae 



Convex, 

Scaphoid, 

Age 

Per Cent 

Per Cent 

15-20 

17 9 

821 

21-30 

415 

58 5 

31-40 

47 3 

52 0 

41-50 

63 0 

37 0 

51-00 

72 7 

27 2 

00 + 

84 6 

15 4 


One hundred and ninety -two of the 546 persons examined had 
Wassermann and Kahn tests of the blood, and of these the tests for 
only 16 weie positive Ten of the 16 positive reactions occurred in 
patients with convex scapulae and 6 in patients with scaphoid scapulae 
Of 305 persons whose lungs were found normal by roentgen-ray 
examination, 55 per cent had scaphoid scapulae Fifty-two per cent 
of 109 cases diagnosed as pulmonary tuberculosis were shown by 
roentgenologic examination to be present m patients with convex 
scapulae From these observations on the pulmonary conditions of 
414 persons, it does not seem justifiable to say that, in general, persons 
(Chinese) with scaphoid scapulae are more susceptible to pulmonary 
tuberculosis than are other persons 

The etiology of scaphoid scapula was not brought out by these 
observations, but the progressive decline in the percentage of the 
scaphoid type of scapula with each succeeding decade of age seems 
definitely to indicate a gi eater mortality among persons with this type 
of scapula It seems inconceivable to me that there can be a change 
m the shape of the bone after maturity has been reached 

There was nothing m these observations to indicate degeneracy 
among persons with scaphoid scapulae 
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SUMMARY 

Five hunched and foity-six Chinese were observed for scapular 
types 

A definite deciease in the incidence of scaphoid scapula with each 
succeeding decade of life was found, which is interpreted as indicating 
an inci eased moitality among persons with scaphoid scapulae 

No relation was found between scaphoid scapula and syphilis in 
the individual as levealed by the Wassermann and Kahn reactions 
The absence of pulmonaiy tuberculosis was just as frequent among 
bearers of scaphoid scapulae as among those with the convex type of 
scapula, and conveisely, pulmonary tuberculosis was as frequent in 
pei sons with convex scapulae as m those with the scaphoid type of 
scapula 



THE ELECTROCARDIOGRAM IN HYPERTENSION ■' 

THOMAS ZISKIN, MD 

MINNEAPOLIS 

Chronic disease of the heart muscle, often called “chronic myo- 
carditis,” is the most common type of heart disease found m patients 
after the age of 40 Hypertension, which is present m about 75 per 
cent of the cases, is believed to be the most constant and the most 
important factor in causing this condition The changes produced in 
the heart muscle as a result of hypertension are not always recognized 
climcall} , and often it is only through electrocardiographic examination 
that the condition is detected 

To determine the significance, therefore, of the electrocardiographic 
observations in hypertensive heart disease, a study was made of 100 
consecutive patients with hypertension who presented themselves for 
treatment at the heart clinic of the medical dispensary of the University 
of Minnesota A thorough physical examination, a roentgen-ray 
examination and an electrocardiographic examination were made in each 
case 

In 37 of the cases (37 per cent), abnormal signs were not noted 
in the electrocardiogram According to the roentgen-ray examination, 
the heart was normal in size in 21 of the 37 cases and enlarged in 16 
cases The enlargement varied from a slight degree in 12 to a marked 
degree m 4 cases The blood pressure was 200 or over in 13 of the 
21 patemts with normal sized hearts, and 8 had a pressure under 200, 
8 of the 16 patients with enlarged hearts had a blood pressure of 200 
or over 

Sixty-three of the 100 patients showed some abnormality m the 
electrocardiogram Extrasystoles were noted m 12 cases These were 
divided as follows auricular, 1 , nodal and auricular, 1 , interpolated, 1 , 
right ventricular, 4, left ventricular, 4, and right and left ventricular, 
1 In 6 of the 12 cases with extrasystoles signs of myocardial damage 
were noted, such as negative T waves m leads I and II, delayed 
conduction, etc 

A delay m conduction was noted m 5 of the abnormal cases In 
3 cases there was a delayed intraventricular conduction, m 1 a delayed 
aunculoventncular conduction and in 1 a delay of both aunculo- 
ventncular and intraventricular conduction 

An imersion of the T wave m one or more leads was found m 
20 cases, m 5 of which it occurred m lead I , m 9 cases in lead I and 
II, and in 6 cases in lead II and III 


* From the Department of Medicine, University of Minnesota 
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The average known duration of the existence of hypertension in the 
cases showing evidence of damage to the heart muscle was approximately 
five >ears, as compared wuth an average known duration of four years 
in the negative cases 

The range of the blood pressure in this group showed 15 patients 
with a systolic pressure below 200 and 10 with a systolic pressure 
of 200 or over 

Left ventricular preponderance %vas noted in 44 of the 100 patients 
m this series (44 per cent), while 56, or 56 per cent, did not show" 
any preponderance That so great a percentage of the patients should 
not show left ventricular preponderance u r as surprising Various 
factors w r ere therefore investigated as to their relationship to prepon- 
derance The size of the heart, the ratio between the median right 
and median left diameters of the heart, the duration of the hypertension, 
the height of the blood pressure and the condition of the heart muscle, 
all were studied as to their relation to preponderance 

In the 56 cases which showed negative electrocardiograms, the heart 
w r as hypertrophied in 32 cases (57 per cent) and normal in 24 (43 
per cent) Of the 32 hypertrophied hearts, 19 were slightly enlarged, 
9 moderately enlarged and 4 greatly enlarged In the 44 cases which 
showed left ventricular preponderance, the heart was hypertrophied in 
32 cases (73 per cent) and normal in 12 (27 per cent) Of the 32 
hypertrophied hearts, 11 w^ere slightly enlarged, 16 moderately enlarged 
and 5 greatly enlarged 

Of the 36 normal sized hearts in the entire group of 100 cases, 
12 (33 per cent) showed left ventricular preponderance and 24 (67 
per cent) did not Of the 64 hypertrophied hearts, 32 (50 per cent) 
showed left ventricular preponderance 

If these 64 cases are grouped according to the extent of the enlarge- 
ment, it is found that of 30 cases in which slight enlargement occurred, 
19 (63 per cent) did not show preponderance and 11 (37 per cent) 
did Of the 25 cases which showed a moderate enlargement of the 
heart, 9 (36 per cent) did not show preponderance and 16 (64 per 
cent) did Of the 9 cases with marked enlargement of the heart, 
left ventricular preponderance was present in 5 cases (55 per cent) 
and absent in 4 (45 per cent) Although left ventricular preponderance 
was present in only 50 per cent of the cases with enlarged hearts, 
these figures show that the frequency of preponderance tends to increase 
as the enlargement of the heart increases to a moderate degree, and 
then tends to decrease as the heart becomes markedly enlarged 

The ratio between the median right diameter and the median left 
diameter of the heart was studied as to its bearing on left ventricular 
preponderance Although the ratio between these diameters does not 
give a true comparison between the relative size of the right and the 
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left side of the heart, yet the relative value of the ratio was considered 
to be approximately indicative of the corresponding enlargement of the 
right and the left side The results are shown m tables 1 and 2 
If the MR ML latio can be taken as an index of the comparative 
ratio between the size of the right and the left side of the heart, these 
results would tend to show that there is not a definite relationship 
between the comparative enlargement of the right and of the left side 
of the heart and left ventricular preponderance, although here again 
the tendency to preponderance is greater m the group showing a 
MR ML ratio under 50 per cent 

The duration of the existence of hypertension was noted as to its 
effect on preponderance It was difficult to obtain correct estimates 
of the duration of the hypertension as many of the patients had not 


Table 1 — Group Winch Showed Negative Elect) oca) diogt ams (56 Cases) 




MB 

M L 

Eatio Under 50% 

MB 

ME 

Batio Over 50% 

Normal sized hearts 
Enlarged hearts 

Total No 

24 

32 

No 

12 

15 

Per Cent 

50 

47 

Average 

Batio 

43% 

41% 

r ~~ 1 

No 

12 

17 

Average 

Per Cent Batio 

50 61% 

53 60% 


Table 2 — G>oup Winch Showed Left Ventticulai P) cpondci ancc (44 Cases) 


Normal sized hearts 

12 

7 

58% 

43% 

5 

42% 

56% 

Enlarged hearts 

32 

25 

78% 

3S% 

7 

22% 

57% 


known of the presence of hypertension or had received no medical 
attention before coming to the clinic Of those who did know of the 
presence of hypertension, the duration since first discovered by medical 
examination was taken as the known duration It is more than likely 
that most of these patients had hypertension long before it was dis- 
covered by medical examination 

The average duration of the existence of hypertension m the group 
of patients who did not show any preponderance was 4 55 years in 
those with hypertrophied hearts and 5 45 years m those with normal 
hearts 

In the group showing left ventricular preponderance, the duration 
was 4 8 years in the patients with normal sized hearts and 4 5 years 
in the patients with enlarged hearts 

Comparatively, the two groups do not show any difference in the 
time element with respect to preponderance 

That a definite relationship does not exist between the height of 
the blood pressure, size of the heart and left ventricular preponderance 
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is shown in table 3 There is little difference in the range of the 
blood pressure m the various conditions noted In the cases m which 
there was left ventricular preponderance, 11 patients (25 per cent) 
had a systolic blood pressure of 200 or over, and 33 (75 per cent) 
a systolic pressure under 200 In the group not showing a pre- 
ponderance, 31 (55 per cent) had a systolic blood pressure of 200 or 
over and 25 (45 per cent) a systolic pressure under 200 Thus it 
will be seen that blood pressure alone is not a factor in the production 
of left ventricular preponderance, in fact, the higher the blood pressure, 
the less the likelihood of pi eponderance A left ventncular prepon- 
derance was found in only 11 of 42 cases with a systolic pressure of 
200 or over 

When one notes the combined effect of hypertension plus an enlarged 
heart, it is found that in the group of patients with normal sized hearts, 
only 1 patient with a systolic pressure over 200 showed left ventricular 
preponderance, while 10 with a systolic pressure below 200 (between 
150 and 200) showed left ventricular preponderance In the group 
with enlarged hearts, the effect of enlargement plus hypertension m 
the production of left ventricular preponderance is noted only when 
the enlargement increases to a moderate degree Then only is pre- 
ponderance present in almost an equal number of instances m patients 
with a systolic pressure of 200 or over as in those with a systolic 
pressure between 150 and 200 (9 cases below 200 and 7 cases over 
200) When the enlaigement becomes marked, there is again a lessened 
tendency to preponderance with a systolic pressure over 200 

The diastolic pressure has been considered by many observers as 
indicative of the condition of the myocardium, a relatively high diastolic 
pressure indicating a poor myocardium and vice versa 

The relationship between diastolic pressure and left ventricular 
preponderance was observed in this series A diastolic pressure of 90 
was taken as the dividing line In the group of patients showing left 
ventricular preponderance, 28 (64 per cent) had a diastolic pressure 
over 90 and 16 (36 per cent) had a diastolic pressure of 90 or under 
In the group which did not show preponderance, 32 patients (57 per 
cent) had a diastolic pressure over 90 and 24 (43 per cent) a diastolic 
pressure of 90 or under It will be seen, therefore, that there is prac- 
tically no difference in the diastolic pressure m the two groups 

The condition of the myocardium was again investigated with respect 
to preponderance by means of the other electrocardiographic changes 
noted It is known that delayed conduction intervals and negative T 
waves indicate myocardial degeneration and coronary disease Whether 
these pathologic changes m the heart muscle would affect the electro- 
cardiogram with respect to preponderance was noted Twenty-five cases 
showed electrocardiographic evidence of myocardial damage Left 
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ventricular preponderance was found m 13 (52 per cent) of these 
cases and m 12 (48 per cent) it was absent It can be stated, therefore, 
that the condition of the myocardium as shown by the electrocardiogram 
does not have any effect on the production of left ventricular 
preponderance 

COMMENT 

From the observations noted, it will be seen that the electrocardio- 
gram does not give any definite information as to the effect of 
hypertension on the functional efficiency of the myocardium until a 
true myocardial degeneration has taken place Then, of course, the 
electrocardiogram will show evidence of heart muscle disease which 


T'IBLe 3 — Blood Pressiti e Range, Accoidtng to Sice of Heait and Picsence or 
Absence of Left Vcntnculai Pi cpondei ance in the Elect) ocaidtogi am 


Systolic Blood Pressure 

150 

160 

170 

ISO 

190 

200 

210 

220 

230 

240 

250 

260 

Total 

Cases 

Normal sized hearts without 
left ventricular preponderance 

2 

2 

G 

1 

o 

4 

4 

2 

1 

0 

0 

0 

24 

Normal sized hearts with left 
ventricular preponderance 

O 

o 

0 

4 

2 

2 

0 

0 

0 

0 

1 

0 

0 

12 

Enlarged hearts, 1st degree 
without left ventricular pre- 
ponderance 

1 

1 

2 

1 

o 

3 

2 

1 

2 

0 

0 

1 

19 

Enlarged hearts, 1st degree 
with left ventricular pre- 
ponderance 

1 

2 

1 

5 

0 

1 

0 

1 

0 

0 

0 

0 

11 

Enlarged hearts, 2nd degree 
without left ventricular pre- 
ponderance 

0 

0 

0 

0 

2 

2 

1 

2 

1 

0 

0 

1 

9 

Enlarged hearts, 2nd degree 
with left ventricular pre- 
ponderance 

0 

o 

1 

1 

5 

i 

0 

2 

0 

3 

0 

1 

16 

Enlarged hearts, 3rd degree 
without left ventricular pre- 
ponderance 

0 

0 

0 

0 

0 

0 

0 

2 

1 

1 

0 

0 

4 

Enlarged hearts, 3rd degree 
with left ventricular pre- 
ponderance 

0 

1 

0 

1 

2 

0 

0 

0 

0 

1 

0 

0 

5 


cannot be detected in any other way How soon these signs will appear 
cannot be determined by the height of the blood pressure, the enlarge- 
ment of the heart or the character of the electrocardiogram In 37 
per cent of the cases m this series, the electrocardiogram was negative, 
among these were cases m which the heart was normal sized and those 
m which it was markedly enlarged, cases with mild hypertension and 
with extreme hypertension There was practically no difference in the 
duration of the hypertension in the electrocardiographically negative 
hearts and in the positive ones 

There were fev ? er cases in which there was a systolic blood pressure 
over 200 in the electrocardiographically positive hearts than m the 
negative ones 

The question of left ventricular preponderance brings forth some 
interesting deductions When Emthoven first began to use the electro- 
cardiogram m the study of heart disease, he noticed that hypertrophy 
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of one or the other ventucle produced chai actenstic electi ocai diographic 
signs Lewis, 1 however, noted that these changes weie not invariably 
found He sought the explanation of these difficulties m a study of 
the relative weight of the two ventricles under various circumstances 
He devised a method of sectioning the heart by which the weight of 
the muscle of each ventricle could be detei mined separately The ratio 
of the weight of the left ventricle to the weight of the right ventricle 
(L R) was then detei mined He found that this ratio varied greatly 
and the occurrence of signs of prepondeiance m the electrocardiogram 
were attributed to this vanance Hermann and Wilson, 2 following 
Lewis’ method, except foi some minor alterations m the technic, studied 
a series of fifty-nine cases with regard to the effect of hypertrophy on 
prepondeiance They concluded that the relative weight of the two 
ventncles is only one of many factors which influence the form of 
the ventncular complex of the electrocardiogram and that its influence 
pi edommates only when the heart is greatly hypertrophied Cohen 3 
showed by a senes of experiments that the position of the heart in 
the chest has a far reaching effect on the form of the electrocardiogram 
He expiessed the belief that the combined influence of the position of 
the heart and the type of hypertrophy influence the foim of the electro- 
cardiogi am 

It is known that lesions in the mam blanches of the bundle of His 
produce curves similar to those of preponderance Wilson and Heimann 
have also shown that lesions winch delay the passage of the impulse 
through one of the bundle branches may produce curves which closely 
resemble preponderance curves They do not believe that all pre- 
ponderance curves aie produced in this way They suggested that pos- 
sibly variations in the ariangement of the conducting system may have 
something to do with the form of the electrocardiogiam Both ventncles 
do not receive the impulse at the same time, and it is probable that in 
preponderance curves the piecedence of one ventricle over the other 
may be unusually great 

The clinical study of these vanous factors m this senes of cases 
tends to show that while hypertrophy of the left ventricle and a relative 
disturbance of the L R latio are factois in the production of left 
ventncular preponderance, they aie not determining factors, as 38 per 
cent of the hearts which showed preponderance were not enlarged and 
57 per cent which did not show preponderance were enlarged That 

1 Lewis T Observations upon Ventncular Hypertrophy with Especial 
Reference to Preponderance of One or Other Chamber, Heart 5 367, 1913-1914 

2 Hermann, G R , and Wilson, F N Ventricular Hypertrophy A Com- 
parison of Electrocardiographic and Postmortem Observations, Heart 9 147 
(April) 1922 

3 Cohen, Alfred E An Investigation of the Relation of the Position of the 
Heart to the Electrocardiogram, Heart 9 311 (Dec ) 1922 
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the hypertension was not a factor is shown by the study of the blood 
pressure range in the vanous groups of this series Only 44 per cent 
of the cases showed preponderance That hypertension may have a 
deterrent effect m the production of preponderance is shown by the fact 
that, m the gioup with normal sized heaits, only one case with a systolic 
blood pressure over 200 showed left ventricular preponderance, while 
ten cases with a systolic piessuie between 150 and 200 showed 
preponderance 



Chart 1 — Electrocardiogram of a patient taken Jan 23, 1924, showing left 
\ entncular preponderance 

Whether delayed conduction had any beaung on the cuive of pre- 
ponderance cannot be stated, although none of the cases with delayed 
conduction showed left ventucular preponderance Of all the cases 
■\\ith evidence of myocardial damage as shown by delayed conduction 
and negative T waves only 52 per cent showed prepondei ance 
That there aie other factors involved m the production of left 
ventricular preponderance may be assumed from the following instances 
In charts 1, 2 and 3 the tiacmgs taken at different mteivals show first left 
ventricular preponderance, then no preponderance and finally prepon- 





Chart 2 — Electrocardiogram of same patient taken Oct 29, 1926, showing no 
left ventricular preponderance 



Chart 3 — Electrocardiogram of same patient taken April 6, 1927, again showin 
left ventricular preponderance 
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derance again Dm mg the period involved, the size of the heait has 
remained practically the same as shown by the 1 oentgen-ray examinations 
The blood pressure has lemamed constant and the clinical symptoms ha\ e 
not changed 

It has been shown that left ventricular preponderance of the heart 
in myxedema disappears after thyroid medication 

SUMMARY AND CONCLUSIONS 

1 The electrocardiogram per se does not give any definite informa- 
tion as to the effect of hypertension on the heart until a myocardial 
degeneration has taken place 

2 The interval aftei which this occurs cannot be determined 
clinically 

3 Left ventricular preponderance is not always present in hypei- 
tensive heart disease It was noted in only 44 per cent of this series 

4 Left ventricular hypei trophy, while a factor m causing left ven- 
tricular pi eponderance, is not a determining factor 

5 The frequency of left ventricular preponderance tends to increase 
as the enlargement of the heart increases to a moderate degree, and 
then tends to decrease when the heart becomes markedly enlarged 

6 There is no definite relationship between the comparative enlarge- 
ment of the right and left side of the heart, as indicated by MR ML 
ratio and left ventricular preponderance The tendency to left ven- 
tricular preponderance is gi eater, however, m the group showing a 
MR ML latio under 50 per cent 

7 The duration of the existence of hypertension does not have a 
bearing on left ventricular preponderance 

8 Hypertension alone does not produce preponderance In fact, 
the tendency is the other way, the higher the blood piessure, the less 
likelihood of left ventricular preponderance 

9 The condition of the myocardium as shown by other electro- 
cardiographic changes does not influence the production of left 
ventricular preponderance 

10 Other factors, besides those enumeiated, and at present 
unknown, aie involved in the production of left ventriculai 
preponderance 



ULCERATION OF THE ESOPHAGUS 


EXPERIMENTAL STUDY + 

JULIUS FRIEDENWALD, MD 
MAURICE FELDMAN, MD 

AND 

WAITMAN F ZINN, MD 

BALTIMORE 

In the course of our clinical study of ulceration of the esophagus, 
it was evident that, up to the present, insufficient attention has been 
directed to this disease, which according to our experience is more 
common than has ordinarily been reported m the literature On this 
account, an attempt was made to determine experimentally certain 
important diagnostic problems associated with this condition 

In our experiments, nineteen dogs were utilized The dog is a 
favorable subject for experimental study of this disease, as ulcerations 
can be produced with but slight difficulty following which x-ray and 
esophagoscopic examinations can be readily performed 

The following types of ulcerations were produced (1) mucosal 
lesions, (2) penetrating ulcers, (3) perforating ulcers 

METHOD OF PRODUCTION OF ULCERS 

As our study of ulcerations of the esophagus was undertaken 
primarily with the object in view to clear up certain questions in 
diagnosis, it made but slight difference as to the method of the formation 
of the ulcer On this account, traumatic ulcers were produced by 
means of a biting instrument passed through the esophagoscope At 
first, mucosal erosions were produced by scarification of the mucous 
membrane, but as these ulcers healed too rapidly, they were unsatis- 
factory for study Even following a single application of phenol or 
lye on the small eroded area, healing occurred so rapidly that signs 
of the lesion did not remain after a week It was then decided to 
produce deep penetrating ulcers which would probably remain unhealed 
for a longei period and would therefore be more adaptable for this 
study These were produced by removing deep portions of tissue 
These ulcerations also had a tendency to heal rapidly, though they 
would remain unhealed for a longer period than the superficial mucosal 
erosions 


* From the Gastro-Enterological Clinic of the Department of Medicine and the 
Pharmacological Laboratory of the University of Maryland 

* Read at the meeting of the Association of American Physicians m Wash- 
ington, May 3, 1928 
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In an attempt to pioduce chronic ulcers simulating chronic peptic 
ulcerations of the esophagus, we administered large quantities of a 
10 per cent solution of hydrochloric acid through a tube following 
the production of these lesions Two drachms (7 5 cc ) of the acid 
was administered four times daily for varying periods extending ovei 
several days to several months Interesting results were obtained m 
this study, as the mucosal ulcers as well as the penetrating ulceis 
were transformed into chronic ulcerations by this procedure Lye 
was utilized m several instances for this purpose, but with less satis- 
factory results, as the lye would occasion numerous erosions throughout 
the esophagus while the hydrochloric acid would not affect the normal 
esophagus but only the area in which the ulcer was situated 

As a result of these experiments, it was demonstrated that active 
ulceration could be maintained over long periods In six normal 
control dogs m which hydiochloric acid was similaily administered, 
ulceration could not be detected, though occasionally small erosions 
were obseived which were due to the trauma produced by the insertion 
of the esophagoscope or stomach tube When large doses of acid 
were frequently introduced through a tube into the esophagus of a 
dog, consideiable bleeding of the ulcer was observed through the 
esophagoscope This bleeding usually occurs as soon as the ulcer has 
formed and m most instances continues as long as the acid is admin- 
istered If the administration of acid is continued ovei a varying 
period of time, the animal will usually begin to regurgitate large quan- 
tities of blood mixed with mucus One also observes that the animal 
loses much weight dui mg this period, notwithstanding the fact that 
he still continues to consume the usual quantity of food and that he 
becomes anemic If the ulcers were allowed to heal and acid was 
not administered during the intervening period, the further application 
of acid did not disturb the scar or produce any effect on the esophageal 
wall 

In the erosion or mucosal type of ulcer, feeding with acid prevents 
lapid healing, but in the penetiating ulcers the continuous use of 
acid will frequently produce perfoiation or healing is markedly retarded 
In seven dogs, the mucosa of the esophagus was scarified In three 
of these, acid was not administered, these ulcers healed promptly, 
while m four m which acid was given bleeding ulcers were produced 
m which healing was greatly delayed Even m the animals with deep 
ulcerations healing was prompt when the animal was not treated with 
acid, while when acid was given perforation was frequently produced 
In every instance m which the acid was administered, regardless of 
whether the ulcer was superficial or deep, the ulcerated area was 
usually increased in size to an extent dependent on the length of time 
of the treatment Lye was administered to two dogs over a period 
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of two months Large doses (a half teaspoonful to one teaspoonful 
of concentrated powder dissolved in 3 ounces [89 cc ] of water) were 
given twice daily ovei a period of four weeks Numerous ulcers 
were noted during the esophagoscopic examinations, which were per- 
formed weekly These ulcers appeared superficial and bled easily and 



Fig 1 (dog 13) — A large ulcer crater filled with barium overshadowed by the 
surrounding esophagus , confirmed by esophagoscopic examination , cardiac end 
shows typical spastic contraction frequently noted m ulcerations 


freely However, following discontinuance of the use of the lye 
healing occurred piomptly, and on further examinations the esophagus 
was found to have assumed a normal appearance m a single instance, 
while in the others, numerous small pinkish aieas were observed which 
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indicated that the ulcers had almost completely healed This was 
verified at autopsy Bleeding was a persistent and constant sign m 
all of the active ulcers, though serious hemorrhages were not encoun- 
tered in this series Strictures followed by obstiuction were not noted 
A marked increased secretion of mucus was also observed It is of 
great advantage to have roentgen-ray investigations precede esopha- 
gospy, as has also been recognized m human beings 

Due to the difficulty encountered in visualizing the esophagus when 
obstiuction does not exist, it is necessary to administer the opaque 
barium meal m a continuous flow m order to obtain satisfactory roent- 
genograms The animal is placed on the abdomen with a special gag in 
the mouth, and through an opening in the gag the stomach tube is passed 
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Fig 2 (dog 13') — A, specimen obtained at autopsy Anterior view Ulcer 
allowed to heal The absence of the filling defect should be noted The condition 
was confirmed by esophagoscopic examination and at autopsy B, lateral view 

into the esophagus for about 6 inches (15 cm ) from the teeth After 
one is certain that the tube is m the esophagus, it is then attached to 
anothei tube which is connected to the barium contamei , the barium meal 
is allowed to flow into the esophagus slowly but steadily by means of 
giavity Dunng the x-ray examination films are taken m two positions, 
oblique and postero-anterior The flow of barium is discontinued, and 
another film is taken m the oblique position when the esophagus has 
emptied itself This is an important piocedure 

Experimental ulcers of the esophagus produce essentially three types 
of filling defects (1) defects projecting from the esophageal outline, 
(2) defects partly displacing the esophageal outline, and (3) spastic 
defects 







t'T d 3 , d, f ac "i^ » f fi'l,n g defect Th.s was 
the esophagus is empty should be noted C ’ f ^ pica J. ^ cer defect of the penetrating type when 

hydrochlorfc acid sofutmn D showS the « per 5° f ratlon f °«owing the administration of 10 per cent 
solution D, shows the size of the perforated ulcer, with the esophagus opened 


WAOL MARK At®, 



Fig 4 (dog 12) — A, small penetrating ulcer defect on the right posterolateral 
w all, with slight displacing defect opposite This was confirmed by esophagoscopic 
examination B, the dog was killed five days following the administration of 2 
drachms of 10 per cent hydrochloric acid solution four times daily The large 
punched out ulcer crater should be noted X indicates the ulcer 
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The diagnosis of ulcer of the esophagus is made roenlgenologically 
m a manner similar to that observed in gastric ulcer A persistent 
filling defect is direct evidence of this condition However, defects are 
frequently extremely difficult to demonstrate when present in the esoph- 
agus largely due to the location of the ulcer and the position in which 



Fig 5 — The tapering spasm frequently found in ulcer of the esophagus 

the x-iay examinations are made Filling defects are frequently best 
observed immediately following the emptying of the esophagus of an 
opaque meal The ulcer crater will under these conditions retain suf- 
ficient of the barium meal to reveal a shadow varying m extent accord- 
ing to the size of the ulcer On the other hand, the ulcer will at times 
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show to best advantage when the esophagus is well filled This is espe- 
cially tiue in those instances in which deep penetrating and perforating 
ulcers exist 

Mucosal ulcers do not always reveal defects m the roentgen-iay 
examinations, as the crater is often too shallow, but may in some 
instances show a small fleck situated in the ulcerated area after the 
esophagus has emptied These ulcers, however, frequently present 
a spasticity which is often charactei istic of this type 



Fig 6 — A, large penetrating ulcer on lateral wall at U S shows marked 
spasticity with signs of obstruction B, same dog, showing perforation 


Penetrating ulcers, when large, frequently simulate diverticula 
The defect pioduced by this form of ulcer is of the projecting type, 
which is typical and characteristic of this lesion It is observed as a 
large regular or irregular shadow when the esophagus is empty, or as a 
defect or niche when it is filled Occasionally, a defect will not be 
observed at first, but if the examination is lepeated, it may show subse- 
quently m another position 

On account of the thinness of the wall of the esophagus m dogs, 
perforation not uncommonly follows as a complication m ulcerations 
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The peifoiatmg ulcer is also revealed roentgenologically as a projecting 
type of defect Spasm of the esophagus is fiequent, the chaiacteristic 
spasm caused by an ulcer is of the tapering type, but at times spasm 
may be observed which produces a displacing defect opposite the ulcei 
or in the ulcerated area Occasionally, spasm may be so marked as 
completely to cut off the barium meal, giving the appearance in the pic- 
ture of an organic obstruction By means of esophagoscopic exami- 
nations, these ulcerations were observed directly and their size noted and 
bleeding detected, a grayish membrane and pinkish white scar were 
revealed when healing occurred In the ulcer that has been present a 



Fig 8 — A, an ulcer undergoing extensive necrosis Low power magnification 
B, high power magnification of A 


long time, definite induration and thickening were not noted The 
ulcer appeals well defined, and its edges are sharply outlined and aie 
occasionally everted and irregular The base of the ulcer appeals 
smooth and is apparently regular These observations were confirmed 
by the condition found at autopsy The ulcers bleed readily when 
touched with an applicator during the esophagoscopic examination 
Fixation of the esophagus, as is occasionally found in the human being 
was not noted in these experiments The esophagoscopic appearance 
closely resembles ulcers of the peptic type In this form of ulcer, it is 
dangeious to lemove specimens for pathologic study for fear of pro- 
ducing perf 01 ation 
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It is interesting to note that diet plays but a slight role m the healing 
of these ulcerations Even when the animals were fed with bones and 
tough meat, a change m the appearance of the ulcer could not be 
detected When these ulcerations are fully established, the animal 
exhibits difficulty in swallowing with evidence of pam when food passes 
over the ulcerated area 

The pathologic appearance of a typical ulcer, as was observed in 
dog 12, is characteristic The gross specimen shows a large round 
ulcer m the lower third of the esophagus on the lateral and postenoi 
aspect, about 8 5 cm from the cardiac onfice and measuring 12 by 
15 mm and about 2 mm in depth, the floor of the ulcer is relatively 
smooth, with a slight sloping toward the center The edges are clcancut 
and slightly everted The mucosa near the ulcer appears normal The 



Fig 9 — Microscopic drawing of a typical ulcer of the esophagus 


ulcei has the appearance of a peptic ulcer such as is observed in the 
stomach and duodenum 

Sections of the esophagus present the ulcer extending into the innei 
circular muscular layer and in its deeper portion involving the adjacent 
muscle bundles Toward the edges, the ulcer does not extend any 
deeper than the submucous layer The flooi of the ulcer is covered 
with fibrin and pink staining necrotic tissue Throughout this area and 
in the adjacent living tissue, there is a moderate diffuse leukocytic 
infiltration The outer fibrous coat and the muscular coats are edematous 
and show a moderate leukocytic infiltration The blood vessels at the 
base of the ulcer are dilated and contain red blood corpuscles Leuko- 
cytic margmation is observed Similar though less marked vascular 
changes are noted in the more remote tissues A number of the smaller 
arteries and capillaries m the tissue beneath the floor of the ulcer contain 
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hyaline thrombi The stratified squamous epithelium (mucosa) ends 
abruptly at the edge of the ulcer, be)ond this point on either side, it 
appears normal The submucous glands beyond the area of ulceration 
are normal 

CONCLUSIONS 

1 Ulcers of the esophagus produced by iemo\al of a small section 
of the wall through the esophagoscope will heal readily within a week 

2 Ulcers when treated with a 10 per cent solution of hydrochloric 
acid will become chronic, and healing will be markedly retarded 

3 Perforation is a frequent occurrence when deep penetrating ulcers 
are treated with acid 

4 Ulcers hen uncomplicated do not form sti ictures but heal readily 

5 The x-ray examination reveals defects and spasm m most 
instances, which are characteristic of ulceration 

6 Large penetrating ulcers may simulate diverticula 

7 The ulcer is clearly demonstrated on esophagoscopic examination 



PALM COLOR TEST 


A SIMPLE, PRACTICAL CLINICAL METHOD FOR THE DIAGNOSIS OF 

ANEMIA AND PLETHORA 

W W DUKE, M D 

KANSAS CIT\, MO 

I shall describe in this paper a simple, piactical clinical test which 
is useful m the diagnosis of anemia and plethoia, and which is accuiate 
and dependable m the hands of those who are well acquainted with it 
In fact, I believe, it is one of the most accuiate and dependable methods 
of detecting slight giades of anemia or plethoia Tlnough its use, 
one can detect a gam 01 loss of 200 cc of blood given by tiansfusion 
01 withdiawn by venous section 

In the earliei days of medical science, a diagnosis of anemia 01 
plethora depended on examination of a patient’s color, or the color of 
a fleshly drawn specimen of blood In moie lecent yeais, laboiatory 
estimations of the red count and peicentage of hemoglobin have gained 
precedence ovei this simple piactical method of examination Since 
the mtioduction of methods of estimating plasma volume and blood 
volume, theie have been additional valuable means of making moie 
accuiate the laboratoiy diagnosis of anemia and plethoia With many 
physicians, the use of one 01 seveial laboratoiy methods has completely 
supplanted the common sense obseivation of a patient’s color This 
is unfoitunate, for laboiatoiy examinations, pel se, occasionally lead 
to gross and often unfoitunate eiror in judgment, both m diagnosis and 
tieatment Fuitheimoie, laboiatory methods aie lathei complex and 
aie not at the disposal of the piofession at large Finally, laboiatoiy 
tests are not always at the disposal of the lelatively few who aie suffi- 
ciently practiced to make them and intei pi et the lesults conectly 

The commonly used blood counts and hemoglobin estimations do 
not tell the whole story concerning the presence 01 absence of anemia 
or plethoia because of the fact that an important factoi still remains 
unknown, namely, blood volume It is a well known fact that a patient 
with a normal red count and percentage of hemoglobin may be anemic 
01 plethoric because of an abnormal blood volume At the piesent 
time, there is available to the piofession an ingenious method 
of estimating plasma volume and blood volume Results of this 
combined with red counts and hemoglobin estimations might 
deceive one into believing that these results can be used infallibly 
m the diagnosis of anemia and plethora This happy state of 
affans does not exist at the present time, for even with these 
lesults obtained with flawless technic, theie is still an important 
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unknown quantity which prevents then use without limitation m 
diagnosis , one remains at a loss to know whether or not the results 
actually found are the optimum for the patient under observation, 01 
whether they are too high or too low One is confronted with the same 
obstacle that is presented in basal metabolic estimations if it is impossible 
for some leason to calculate theoretically the normal rate of oxygen 
consumption for the patient under observation and for this reason 
one is unable to decide whether the results actually found m the patient 
are normal or abnormal 

There are at the present time relatively accurate methods for esti- 
mating blood volume for given persons Thei e is no infallible method, 
however, for calculating theoretically what the blood volume for the 
person ought to be and, therefore, one may be at a loss to know whether 
or not the result found is the optimum for the patient This state of 
affairs should seem self-evident to those who will bear m mind that some 
pei sons are muscular and active and naturally demand a greater blood 
volume per unit of weight than fat phlegmatic peisons with small 
muscles and small internal oigans A volume of blood which would 
be normal foi an athlete such as a piofessional wrestler would naturally 
be too gieat foi a patient with h) popituitary obesity, who might have 
the same height and weight It is self-evident rhat fatty tissues contain 
less blood per unit of weight than active muscle tissues and much less 
than the internal oigans such as the spleen, livei, and finally the heart 
and large blood vessels Greatei difficulties are encountered undei 
certain pathologic conditions in which the capacity of the vascular sys- 
tem is mci eased or reduced by caidiac or vascular anomalies, aneurysms, 
malignant conditions, pregnancy, and othei conditions, and on this 
account, the blood volume optimum per unit of weight is made unusually 
gieat or small If one has an accuiately determined red count and per- 
centage of hemoglobin, therefore, and an accurately determined blood 
volume, one still lacks in many cases, the information which is desired 
most of all, namely — a knowledge as to whether the patient has exactly 
what he needs m the way of a total quantity of circulating hemoglobin 

These aie not the only difficulties to be encountered under pathologic 
conditions It was pointed out by Dr D D Stofer and myself 1 a 
number of years ago, that m one of the most impoitant and most common 
forms of anemia, namely, pernicious anemia, there is a state of aftaus 
which makes all methods of examination go awiy This state of affairs 
consists of a marked difference between capillary and venous red counts 
I found that the capillary blood count is always much higher than the 
venous blood count m pernicious anemia, and that m the average case 
this difteience amounts to as much as from 500,000 to 1,000,000 cells 
or more per cubic millimeter of blood This diffeience m the case 

1 Duke, W W , and Stofer, D D A Comparison of Capillan and Venous 
Blood in Pernicious Anemia, Arch Int Med 30 94 (July) 1922 
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of seveie anemia is gross indeed, in fact, it is not uncommon to find 
a capillaiy count more than 50 per cent gi eater than the venous count 
Red counts, hemoglobin estimations and blood volume methods used 
in this disease, therefoie, give a false idea concerning the actual status 
of the volume of cuculatmg hemoglobin 

One may as well admit frankly, therefore, that in studying anemia, 
vanables and obstacles aie encountered which, under certain conditions, 
seem discoui agingly gross This and the foregoing statements are 
not made for the purpose of throwing discredit on piesent day laboiatory 
methods, they aie made lather for the purpose of pointing out that 
laboiatoiy methods at best have their shortcomings They actually 



Fig 1 — Note a marked difference m color between the two hands of normal 
persons because of difference in position A difference as marked as this between 
the color of a patient’s hand and the control would indicate a large difference in 
the mass of circulating hemoglobin (from 3 to 4 points of normal blood) if the 
test was made as described in the text The photograph illustrates how little 
can be gained by examination of the skin of the face, the lips or the conjunctivae 
if the posture of the patient is not taken into account When the patient is in a 
lying posture the face surfaces are more highly colored than in an erect posture 
If the face is below the level of the base of the heart, the degree of redness 
becomes still more marked 

equal, I believe, or possibly exceed the shoitcommgs of the color test 
to be descubed, which is so simple that it can be used by any physician 
who has what is commonly known as hoise sense 

It is a tune honoied custom for physicians to diagnose anemia or 
plethoia by obseivmg a patient’s coloi, that is, by observing the color of 
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the face, lips, conjunctivae or nails That this method of diagnosis is 
inaccurate should seem self-evident A moment’s observation of the 
faces of one’s friends should immediately disclose the fact that of 
persons who believe they are normal, some have red faces, otheis pale 
faces, some led lips, others pale lips, some rosy ears and others pale 
ones Even the color of the nails and back of the hands varies greatly 
m normal persons Furthermore, the color of a person at different 
times in the day will vaiy grossly in these localities The face, an 
organ of expression, is subject to marked variation m coloi under the 
influence of many factors, such as the emotions, change in external 
temperature or exeicise The color of the skin generally varies greatly 
with temperatuie and exercise because of the function of the skm in 
regulating the loss of body heat A physician, therefore, cannot gam 
reliable mfoimation concerning an abnormality in the blood by observ- 
ing the color of these parts unless the change is marked indeed The 
conjunctivae, a time honored location for the obseivation of color, are 
also subject to variation under conditions other than those due to change 
m the total quantity of blood The coloi changes, for example, if a 
patient changes from a sitting to a lying posture The importance of 
this variable factor can be seen in figure 1 m which the coloi of the 
hands can be compared, one of which is about 1 foot (30 4 cm ) higher 
than the other 2 The conjunctivae, with a change from sitting to lying 
posture, vary owing to the fact that m the erect postuie, the vessels 
of the head tend to be emptied by a column of blood under negative 
pressure This gives rise to a cbffeience m color which is marked, 
indeed, and which is never taken into account by clinicians So great a 
difference m two patients m the same posture might indicate a marked 
pathologic process When anemia is marked, pallor of the conjunctivae 
can be obsened with definiteness When plethora is marked, a tinging 
of the sclerae with pmk becomes evident and practically alwa) s indicates 
a serious pathologic increase in blood volume unless accounted for by a 
local pathologic change These changes m the conjunctivae can be 
obsened definitely wdien caused by gross pathologic changes in the blood, 

2 It is extremel) difficult to photograph color accurately even under ultraviolet 
light A slight change in the slant of the hand casts a shadow which appears as 
darkness and could be interpreted as color In all the illustrations, an effort has 
been made to photograph the hands satisfactorily and to show their color in the 
various stages at which blood volume has been increased or reduced by transfusion 
or venous section, as the case may have been When photographs were taken, red 
counts and hemoglobin estimations were usually made Unfortunately, m the great 
majoritv of cases the color photographed did not give a true picture of the color 
observed The photographs which are show'll are only illustrative figures which 
approximate the changes in color They do not faithfully record events as they 
actuallv occurred, and in mam instances red counts and hemoglobin estimations 
were not adequately made at the time the photographs w'ere taken 
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but cannot be obseivecl with accuracy nor definiteness when the patho- 
logic change is slight but yet important The diagnosis of anemia or 
plethora from the color of the face and conjunctivae are unsatisfactory 
and inaccurate for another leason , namely, because of the fact that 
the color is not easily compared with a standard The color of a patient 
is usually compaied instead with the physician’s idea of normal color 
Heie, personal equation is of necessity a source of gioss eiror One’s 
own idea of normal color changes from time to time, m fact, to a sur- 
prising extent fiom day to day This ciude method stands in marked 
contrast with the nicety with which blood volume is legulated by nature 
in a healthy person It has piopeily been nearly supplanted by 
laboratory examinations, in a struggle for accurate standaids 

Hemoglobin estimations of a sample of blood are made at the piesent 
time by comparing the color of a patient’s blood directly or indirectly 
with the color of an average specimen of normal blood, that is, by a 
colorimetric method and by a standard which amounts to nothing more 
nor less than an average found in noimal persons This method is 
accepted as fair The method of testing color to be descubed is likewise 
a coloiimetnc method, but in vivo instead of m vitro It depends on 
a companson of the patient’s coloi with the color of the average normal 
person It would seem on first thought that this could be accomplished 
by examination of any of the surface tissues This, however, is not 
the case for, as previously mentioned, most tissue surfaces vary in color 
under many conditions other than those caused by anemia or plethora 
There exists one skm surface in which color varies remarkably little 
unless a person is anemic or plethoric, and from its color an idea can be 
gamed concerning the quantity of hemoglobin which is actually in the 
general circulation This surface is the palm of the hand 

The palm of the hand is meant for work It is not an organ of 
expression, subject to marked normal variation in color like the face, 
nor is it a surface designed, I believe, to help to any marked extent in 
regulating the loss of body heat as is the skin surface generally Fur- 
thermore, it is not often exposed to direct sunlight, so consequently its 
color is not influenced much through this agency For these reasons, 
marked and frequent constriction or dilatation of the vessels of the 
palm would seem less purposeful physiologically than for vessels of 
other siu faces of the skm Practically it is not often marked — at least 
under conditions under which a patient sees a physician m his office, 
home 01 in hospital practice This statement is based on thousands 
of observations that I have made during a period exceeding ten years 
The color of the palm of the hand is remaikably constant under the 
usual normal conditions of living The palm of my own hand com- 
pared repeatedly with those of seveial assistants fiom time to time is 
always exactly the same 
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METHOD 

If a physician’s palm is normal in color, it can be compared with 
the patient’s, and slight differences in color can be estimated with 
accuracy This is true whether the patient examined is a day laborer 
with calloused palms, or a woman with thin skm, or a child It can 
frequently be made with relative accuracy even in pigmented races, 
such as the Indians In many of the pigmented races, the palm of the 
hand is pigmented less than the skm generally, and often little at all 
Furthermore, the estimations can usually be made whether a patient 
is sick or well, emotionally upset or otherwise Relatively few physio- 
logic conditions and few illnesses, other than anemia or plethora, change 



Fig 2 — In A, the palm on the left is that of a man weighing 220 pounds 
(997 Kg) who had a severe acute hemorrhage from the gastro-intestinal 
tract The red count was 2,880,000, the hemoglobin, 50 per cent The palm of 
the hand appeared almost bloodless The illustrations (taken by daylight) repro- 
duce poorly the enormous changes in color which were actually observed 
B indicates the palm after the introduction of 1,340 cc of blood by direct trans- 
fusion from two large plethoric donors, the red cell count was 3,624,000, the 
hemoglobin, 65 per cent C shows the palm after the introduction of an additional 
1,200 cc of blood by direct transfusion from two donors, red count, 4,168,000, 
hemoglobin, 80 per cent, normal color not completely established, and D, after 
a lapse of two weeks , the red cell count was 4,320,000 , the hemoglobin, 80 per cent 
Color was not completely re-established in this patient because of the fact that 
he was plethoric prior to his hemorrhage with a red count of 6,560,000 It was 
assumed that he would soon re-establish normal color, if not an increased color, 
without further addition by transfusion At a later date he was bled because 
of recurrence of policythemia 
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the color of the palm in marked degree Seceral important exceptions 
will be mentioned subsequently Additional exceptions may be discov- 
ered m the course of time 

The technic of comparing a physician’s palm with that of a patient 
would seem simple The fact is, however, that it is not simple, and 
unless the comparison is made accurately and m a definite way, it will 
prove grossly misleading 

In the first place, one must know whether or not the physician’s 
palm is normal This can be determined by comparing the physician’s 
palm with that of many young healthy adults If the physician’s palm 
proies normal m color it can be used as a standard for comparison 
with patients Otherwise, it cannot be used, and some other person 
must be chosen for a standard 

When the comparison is made, both patient and physician should 
either stand or sit comfortably The hand of each should be semi- 
flexed and should be held at about the level of the apex of the heart, 
or a little above for a few moments, until constant permanent color 
has been established It is essential that the distance between the hand 
and the base of the heart be identical in both physician and patient, and 
that m neither should the skm of the palm be stretched One can 
convince himself of the importance of these two statements if he will 
compare his own palms, one hand semiflexed and the other markedly 
extended, and if he will raise one hand above the level of the other for 
a moment and then compare the color of the two This makes a 
gross difference almost immediately Interesting red and white spots, 
should they appear, can be eliminated if both the hand of the patient 
and standard are held at a slightly higher level 

If these details are attended to, the color of the patient’s palm can 
be compared with the physician’s standard Under the usual normal 
conditions, the color of both patient and physician will be practically 
identical as to both fingertips and palm If the patient is slightly anemic, 
Install will be paler than the physician’s , the fingertips may appear the 
same If the patient is anemic (secondary anemia) to such an extent 
that the red count or percentage of hemoglobin is definitely reduced, the 
difference m color between the patient’s hand and the physician’s will 
be so striking that it could not possibly be overlooked The patient’s 
fingertips and palms will both look pale, by comparison If anemia 
is of such a grade that the red count lies much below four million, the 
patient s palm will look almost bloodless as compared with the physician’s 
(exceptions to be mentioned subsequently) If the patient is plethoric, 
the change is equally striking If he is plethoric to such an extent that 
the blood count or percentage of hemoglobin is definite^ increased, the 
abnormal redness will be so marked that it could not possibly be 
oi erlooked 
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With practice in the use of this method, a physician can become so 
expei t that by making this comparison in color, and noting the size 
and muscular development of a patient, he can predict with relatively 
small error the quantity of blood which will be required by transfusion 
to re-establish normal color m an anemic person He can likewise, 
though with less accuracy, predict in plethoric persons the quantity of 
blood which will have to be removed by venous section to establish 
normal color He can, furthermore, tell with relative accuracy when 
an optimum quantity of blood has been given during transfusion, and 
when the tians fusion should be stopped These statements are based 
on a broad clinical experience in which the test has been used thousands 
of tunes and compared with clinical and laboratory observations and 
with the lesults of transfusion m anemic patients and venous section 
m plethoric patients It has been used as a guide during more than 
1,000 direct transfusions of blood and has proved dependable and useful 

EXCEPTIONS TO THE RULE 

Relatively few common conditions other than anemia or plethoia 
change the color of the palm in a person indoors and at rest Red and 
white spots, if present, may interfere with the accuracy of the test, 
this difficulty can be overcome by elevating the hands a little Cyanosis, 
or jaundice, if marked, may seriously interfere Patients with Renaud’s 
and other diseases of the arteries or veins, with chilblains, and patients 
whose hands have been scalded, or kept in hot water a great deal, usually 
have abnormal palms as the result of local conditions in the extremities, 
and m these the test cannot be made with accuracy Furthermore, in 
patients with certain diseases of the skin, in patients in syncope or shock 
and m a few patients with goiter, the test is not accurate Further- 
more, I have gained the impression that the Latin races and peisons 
living m hot climates under noimal conditions tend to have more highly 
colored palms than the aveiage person in this district Furthermore, 
rathei obese persons who are over middle age often show more color 
than usual This may be pathologic, or may be a compensation to 
increase surface cooling m the obese , on the other hand, it may indicate 
a mildly pathologic condition which needs conection in the same sense 
that obesity indicates the desirability of coi reckon Finally, m some 
forms of anemia, namely, pernicious anemia, one encounters the unusual 
factor which has been mentioned, namely, a tendency for the corpuscles, 
especially the macrocytes, to lag in the skin capillaries As previously 
mentioned, the capillary count m patients with pernicious anemia who 
have not been treated is always greater than the venous blood count and 
is often more than 50 per cent greater This condition gives rise to 
an unusually rosy color m the superficial tissues in patients with per- 
nicious anemia, even when the capillary red count is reduced by one 
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or two million or nioie In fact, a patient with pernicious anemia who 
has a capillary led count as low as three million, with the venous count 
much lower, may have normal or increased color both m the palms and 
m other surfaces In pernicious anemia, therefore, one cannot mteipret 
color according to the same rules as one does m persons with secondary 
anemia In fact, in cases of pernicious anemia m which tieatment 



Fig 3 — In A, the man on the right has a severe case of pernicious anemia , 
he weighs considerably over 200 pounds (99 7 Kg ) The photographs were taken 
by ultraviolet light Note the marked contrast between the pallor of the palm 
and the relatively normal color of the face , this is not rare m pernicious anemia 
One could hardly detect anemia in this patient by examination of the skin or lips 
The conjunctivae were pale and the palm of the hand appeared almost bloodless, 
the red cell count was 1,420,0 00, the hemoglobin, 30 per cent B shows the palm 
after the introduction of 600 cc of blood by direct transfusion , the red count 
was 2,170,000 C was taken after the introduction of 600 cc of blood by direct 
transfusion Note how little gain in the color of the palm has occurred after the 
introduction of this amount of blood The red cell count was 2,860,000 D indi- 
cates the hands after the introduction of 500 cc of blood by direct transfusion, 
the red count was 3,200,000 Note that both the back and palm of the hand approx- 
imates normal in the photograph There was in reality a marked difference between 
the real color of the palm and the normal which is not shown in the photograph 
Note how deceptive a comparison of the backs of the hands may be , the anemic 
patient shows more color than the normal An additional 500 cc of blood was 
required to restore a satisfactory color The patient left before complete blood 
examinations and photographs could be made Note also that color does not appear 
after the first transfusions but appears quickly as blood volume approaches 
normal, this is the rule In one person (not illustrated), four donors were used 
before any noteworthy change in the color of the palm was visible Two donors 
used subsequently, especially the second one, restored the color of the palm to 
normal with great rapidity 
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Fig 4 — A shows the palm of a woman with pernicious anemia (on the right) , 
her weight was about 85 pounds (38 6 Kg ) The red count was 1,180,000 , the hemo- 
globin, 50 per cent (taken by sunlight) B shows her palm after the introduction 
of 1,200 cc of blood , the red cell count was 3,370,000 , the hemoglobin, 80 per cent 
Note that in spite of the persistent low red cell count, the color was restored to 
about normal 

The reproductions, especially of this illustration, are not as clear and distinct 
as might be desired, and do not adequately illustrate the condition under discussion 
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has not been given, a red count exceeding three and one half million 
seems harmful to the patient m the presence of marked macrocytosis 
The patient tolerates better a moderately reduced count -with palms of 
normal color or slightly paler than normal On the Minot and Murphy 
diet, the status changes In successfully treated patients, macrocytosis 
becomes less marked, and capillary and venous counts may then run 
about parallel 



Fig 6 — The palm of a man with a case of high grade plethora (right) , his 
weight was m excess of 200 pounds ( 997 Kg ) He gave a past history of having 
had nosebleed to the extent of from 1)4 to 3 pints on four separate occasions, 
each time with improvement in his general strength and a feeling of well being 
A venous section had been performed on one occasion to the extent of 3 pints 
He lost 7 j /2 pints a few days later from epistaxis following a nasal operation He 
said that following this he never felt better in his entire life Examination showed 
a picture of a highly plethoric person with a beefy-red appearance of the palms, 
as shown m the photograph In spite of this, how r ever, his red cell count was only 
5,300,000 and the hemoglobin, 95 per cent One pint of blood was withdrawn on 
each of two consecutive days with a change in the color of the palms to be noted 
in the figure on the right 
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SUMMARY AND CONCLUSIONS 

1 A slight or marked grade of either anemia 01 plethoia can be 
diagnosed most readily, I believe, through a companson of the color of 
the palm of the hand of the patient with that of a proved normal person 
according to a simple technic which has been described 

2 The skin of the palm of the hand was chosen for making this 
comparison because under the usual conditions indoors, the coloi of the 
palm is remaikably constant in a given person The color of the palm 
is believed to be more constant than the color of other surfaces, because 
of the fact that it is believed to take a smaller part in regulating the 
loss of body heat than other surfaces, and for this reason is not changed 
to any great extent through the effect of small differences m tempera- 



Fig 7 — In A the palm on the left is that of a patient with true polycythemia 
and a red cell count of nearly 8,000,000 Contrast this with the plethoric person 
shown in the previous figure who had a red cell count scarcely exceeding 5,000,000 
In B, note the paling of the palm following the withdrawal of 2,000 cc of blood 
in divided doses The red cell count was eventually reduced to nearly normal 
with marked improvement in health 

ture and exercise It, furtheimoie, does not vaiy in coloi thiough the 
effect of emotional disturbances as does the skin of the face, noi does 
it vary in different noimal persons to the same extent as does the color 
of the lips or nails It seems better adapted, therefoie, foi the estima- 
tion of average color than other skin surfaces Exceptions to this iule 
are mentioned in the text 

3 The palm of the hand is piefeired, fuithermore, because of 
the fact that if held at the level of the apex of the heart, the coloi is 
not modified by changes m the position of the patient The coloi of 
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other surfaces, such as of the face or conjunctivae, is greatly influenced 
by a change from a standing to a lying posture 

4 I have found after a large experience that the color of the palm 
is influenced by few conditions except anemia and plethora, and that 
from a comparison of the patient’s palm with that of a normal person, 
one can demonstrate slight deviations from the optimum in the quantit) 
of hemoglobin in the general circulation 

5 Comparison of the palm of the patient’s hand with that of a 
normal person during and after blood transfusion and during and after 
\enous section is a most reliable guide when one wishes to decide 
whether or not an adequate amount of blood has been introduced or 
withdrawn 

5 If the foregoing statements are true, anemia and plethora m 
slight grade are common conditions 

7 Physicians who study carefulh the color of the palm of the 
hand on a number of patients according to the technic described, and 
who keep in mind the exceptions mentioned m the text, will find they 
haie a simple, accurate and direct method of examination which can 
be used fearlessly in diagnosis 


COMMENT 

In presenting this paper I hope that my efforts are not misunder- 
stood I am presenting a method for obseiwng a patient’s color, 
which I think is far more accurate and dependable than methods which 
ha\e been used prior to this time I am not presenting a method for 
the estimation of blood volume or hemoglobin ratios 

I behe\e, howeier, that through careful testing of a patient’s color 
one can gam \aluable information concerning the status of his blood, 
that is, whether the total quantity of hemoglobin in circulation is 
optimum for the patient, or too high or too low A patient’s color does 
not depend wholly on his blood volume, his red count, the hemoglobin 
content of a unit of blood, or on the capacity of his \ascular system 
m proportion to his needs His color depends rather on a mean between 
all these factors One gams a result, therefore, in testing color which 
can be obtained, I believe, m no other way and which is, I believe, an 
important procedure m studies of anemia and plethora It gives the 
same impression that physicians have gamed through centuries of time by 
examination of the color of the conjunctivae, lips, nails and other parts 
of the bod} except that it is gained through the use of a method wduch 
is evidently much more accurate and dependable 
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The pui pose of this papei is to discuss some of the literature 
dealing with the thyroid-paiathyroid relationship and to piesent a few 
facts obtained by an analysis of over 550 determinations of the serum 
calcium in cases of disease of the thyroid gland The work has been 
undertaken to determine, if possible, whether 01 not there is an actual 
antagonism between these two glands, as is believed by many authors 
The practical value of such research lies in the fact that if such antag- 
onism does exist, then the use of the active pi mciple of the parathyroid 
glands, which can now be obtained, should be a useful adjunct m the 
treatment of patients with hyperthyi oidism 

The parathyroid glands were first descubed by Remalc 1 m 1855, 
and later, by Virchow 2 in 1863 The discovery of the parathyroid 
glands is rightly ascribed to Ivar Sandstrom 3 who, m 1880, fully 
described them, and called attention to their anatomic and histologic 
significance They were lediscovered by Gley 4 in 1891 Since the 
publication of these and other eatly papers, 5 moie than 500 papers 
dealing with these glands have appealed A cuisory review of the 
literatuie suggests the possibility that a functional lelationship exists 
between the thyioid and parathyroid glands 

EMBRYOLOGY 

A few of the salient facts in regard to the embiyology of these glands 
should be noted The parathyroid bodies arise as two separate pairs, 
superior and inferior The inferior pair, which finally lies behind the 
mfenoi borders of the lateral lobes of the thyroid, anses from the third 
bianchial cleft The superior pair, which finally lies neai or on the 
cential or uppei part of the dorsal surfaces of the lateral thyioid lobes, 
anses from the fourth branchial cleft 

Many authors claim that the thyroid arises m pait from two lateral 
bodies which are outgrowths of the postenoi wall of the fourth bianchial 

'From the Cleveland Clinic, Clei eland 

1 Remak, R Untersuchungen uber die Entwickelung des Wirbelthieres 
35 194, 1851 

2 Virchow Die krankhaften Geschwulste 3 13, 1863 

3 Sandstrom, I Upsala lakaref forh 15 441, 1880 

4 Gley, E A Compt rend Soc de biol 3 843, 1891 

5 Kadyi, A Arch f Anat u Entwcklngsgesch , 1879, p 312 Madelung, 
O W Arch f klin Chir 24 71, 1879 Millzner, R J Occurrence of Para- 
thyroid on Anterior Surface of Thyroid Gland, J A M A 88 1053 (April 2) 1927 
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cleft The majority of authors agree, however, that the origin of the 
thyroid is solely from a median body at the root of the tongue 

ANATOMY 

Gross — The two pairs of glands mentioned are considered the normal 
number , yet the so-called accessory parathyroid glands have been recog- 
nized for many years Millzner 0 reported the recognition of para- 
thyroid glands in the human body, on the anterior surface of the thyroid 
in 12 9 per cent of the 162 specimens which had been removed at thy- 
roidectomy In the dissections in the clinic, the presence of parathyroid 
glands has been noted frequently The number of cases m which this 
condition has been seen is not large enough to justify a statement as to 
the percentage of incidence, but it is thought that it occurs frequently 
because of the deformity of the lateral lobes m cases of adenoma 

The size of the parathyroid glands varies greatly, the glands ordi- 
narily being small flattened ovoid bodies lying m the areolar tissue on 
the surface of the thyroid gland, which measure from 3 to 14 mm in 
length and from 1 to 3 mm m breadth and thickness 

Ihe cut surface of the glands varies from a yellowish or a giayish- 
brown to a cocoa color 

The blood supply of the parathyroid glands is derived for the most 
part from the inferior thyroid artery Many glands, lying on the capsule 
of the thyroid, especially those on the anterior surface, are directly con- 
nected with the thyroid capsule by at least one distinct vessel , moreover, 
according to the statement of Sacerdoti, 6 7 the nerve supply is also fur- 
nished by the nerves of the thyroid gland Anderson 8 found that after 
these nerves pass through the parathyroid capsule, they terminate within 
the epithelium of each glandule 

Microscopic — Each gland possesses a capsule of fibrous connective 
tissue which sends branches into the gland substance, carrying the blood 
vessels and dividing the parenchyma into bands and clumps of cells of 
two mam types (a) the chief cells, which are large polygonal cells, 
characterized by a clear cytoplasm and faintly staining nucleus , and (&) 
the oxyphil cells, which are much less numerous The cytoplasm of 
these cells stains strongly with eosm, and the nucleus, with hematoxylin 

A so-called “frothy” cell has also been described Small irregular 
vesicles which may or may not contain colloid are frequently seen 

Comparative — Parathyroid glands have been recognized in all classes 
of lertebrates with the exception of fishes 9 A failuie to recognize the 

6 Millzner, footnote 5 (third reference) 

7 Sacerdoti Internat Monatschr f Anat u Phjsiol 11 326, 1894 

8 Anderson, O A Arch f Anat u Entwcklngsgesch , 1894, p 225 

9 Cowdrj, E V, in Barker, L Endocrmologi and Metabolism, New York, 
D Appleton & Companj, 1922, vol 5, p 501 
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impoitance of the anatomic arrangement of these glands in mammals 
affords an explanation for many of the contradictory results obtained by 
many of the earlier investigators m this field In the dog and the cat, 
the parathyroid and thyroid glands are so closely associated that all the 
parathyroid glands are removed at thyroidectomy, whereas in the rabbit 
only the superior, or so-called internal pair, are removed It is interest- 
ing to note that although these glands are usually histologically distinct, 
the association may be so close that it is difficult to know whether the 
structuie is the thyroid or parathyroid gland Ochsner and Thomp- 
son 10 stated that in some birds the parathyroid tissue is directly 
continuous with the thyroid, not even being separated from it by a 
septum but forming a single gland, while in others, the anatomic thyroid 
is entirely like the parathyroid in microscopic appearance 

EXTIRPATION EXPERIMENTS 

Hypertrophy of One Set of Pa> athyr oid Glands After Removal of 
Another - Set — Walbaum , 11 Erdheim 12 and Pepere 13 failed to obseive 
an appreciable increase in the size of the internal parathyroid glands 
in rabbits after removal of the external glands, although it has since 
been shown by Iiaberfeld and Sclulder 14 that there is a marked degree 
of hypertrophy of the internal parathyroid glands in these animals, if, 
m addition to the external parathyroids, the accessory glands situated on 
or about the thymus are also removed 

Hyper tr ophy of the Parathyroid Glands After Thyroidectomy — 
Gley 4 held at first that the parathyroid bodies are made up of embry- 
onal thyroid tissue and that they assume the function of the thyroid 
gland after that organ has been removed This view has not been 
substantiated, on the contrary, Gley himself, m association with 
Nicolas , 15 repeated his experiments and was forced to abandon this view 

Vincent and Jolly 16 have described structural changes m the para- 
thyroid glands of cats following thyi oidectomy Their experiments, 
however, have never been substantiated 

In many cases, Biedl 1T found that the removal of the thyroid together 
vuth the parathyroid interna is almost always associated with hyper- 

10 Ochsner, A J , and Thompson, R L The Surgery and Pathology of 
the Thyroid and Parathyroid Glands, 1910, p 226 

11 Walbaum Mitt a d Grenzgeb d Med u Chir 13 298, 1903 

12 Erdheim, J Beitr z path Anat u z allg Pathol 33 158, 1903 

13 Pepere, A Arch de med exper et d’anat path 20 21, 1908 

14 Haberfeld, W , and Schilder, C Mitt a d Grenzgeb d Med u Chir , 
1909, vol 29 

15 Gley, E, and Nicolas, A Compt rend Soc de biol , 1895, p 216 

16 Vincent, S , and Jolly, W A J Anat & Physiol , 1895, vol 32 

17 Biedl, A The Internal Secretory Organs London, John Bale, Sons and 
Damelsson, 1913, p 52 
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trophy of the parathyroid externa, the amount of hypertrophy beaiing a 
direct 1 elation to the length of time after opeiation The paiathyroid 
glands of a gi owing dog one year aftei thyroidectomy were found to 
be twice as large as those of controls of the same litter 

Hypcrh ophy of the Thyi oid After Pai athyi oidectomy — Hyper- 
tiophy of the thyioid following pai athyroidectomy has been repoited by 
Edmunds, 18 Lusena, 19 Vassale and Geneiah, 20 Halpenny and Thomp- 
son 21 and othei s These experiments seem to support strongly the 
possibility of a functional antagonism between these glands 

THE ErFECT OF FEEDING THYROID EXTRACT ON THE FUNCTION 
OF THE PARATHYROID GLANDS 

In her expenments on the thyroid, Kunde 22 noted that the adminis- 
tration of thyroid extract exerted a definite influence on the conti ol of 
tetany m a thyi oparathyroidectomized dog m a tetanoid state In the 
case of a dog which had pieviously lequired from 1 to 1 3 Gm of 
calcium lactate pei kilogiam of bCdy weight per day foi the control of 
tetany, the calcium was discontinued on the eleventh day during the time 
of thyioid extract feeding, when signs of hyperthyroidism were piesent 
Dui mg the following three months, the admimstiation of thyioid extiact 
was continued and there was no lecurrence of tetany The author fails 
to state, however, whether or not the tetany could be made to recur by 
the discontinuance of the thyroid extiact 

The beneficial results obtained by the admimstiation of thyroid 
extract to animals with tetany has been observed by other authors, and 
it is geneially conceded that animals with tetany die in a shoiter time 
when they are not given thyioid extiact 

Kocher formerly used large doses of thyroid extiact and lodothynn 
m cases of postoperative tetany, apparently with beneficial lesults Foi 
many yeais, Ciile has used thyroid extract together with parathyroid 
extract m the tieatment of subjects with postoperative tetany It must 
be noted, however, that in these cases there was a coexisting disturbance 
m the function of both the thyroid and parathyroid glands 

It is interesting to note m this connection that Cameron and Cai- 
michael caused deaths fiom tetany by feeding thyioid extract to rats 
They did not consider, however, that this was a true parathyroid tetany, 
but that death was probably due to tetany caused by hypeipnea 

18 Edmunds, W J Path & Bact 12 101, 1907-1908 

19 Lusena, G Studio critica experimentale, 1899 

20 Vassale, G, and Generali, F Arch ital de biol 33 154, 1900 

21 Halpenny, J , and Thompson, F D Anat Anz 34 376, 1909 

22 Kunde, Margaret M Am J Physiol 82 195 (Sept ) 1927 
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In this connection, a case cited by Percival and Stewart 23 is interest- 
ing A cretin, in whom the serum calcium was 9 9 mg pei hundred 
cubic centimeters, was fed thyroid extract The basal metabolism rose 
from — 5 to -f- 37 per cent in three days, the seium calcium lemaming 
9 9 mg In twenty-four days, the basal metabolism had risen to 79 pei 
cent and the serum calcium was 13 2 mg Withdrawal of thyroid extract 
foi fourteen days was accompanied by a fall m seium calcium to 9 6 mg 

THE ErFECT OF THE ADMINISTRATION Or PARATHYROID EXTRACT 
ON THE FUNCTION OF THE THYROID GLAND 

Moussu 24 found that the adnnnisti ation of parathyroid extract to 
horses had an unfavorable action in cases of myxedema, but was bene- 
ficial m cases of hyperthyroidism He concluded that the hyperfunction 
of the thyroid was i estramed by the pai athyroids 

Mandelstamm 25 repoited the production of exophthalmos in rabbits 
by injections of parathyioid extract, an observation entirely contradic- 
toiy to the work of Moussu Mandelstamm expressed the opinion that 
the exophthalmos is due to mciease in the activity of the thyioid gland 
This conception is strengthened by Kunde’s 22 obsei vation that it is possi- 
ble to produce marked exophthalmos in rabbits by admimsteimg thyroid 
exti act 

It must not be foi gotten, however, that previous to the isolation of 
the active principle of the parathyioid glands by Collip, the administra- 
tion of paiathyroid extract had nevei been on a satisfactory basis 
Clinically, howevei, I believe that parathyioid extract has a weak though 
definitely positive effect 

THE STRUCTURE Or TFIE THYROID AFTER ADMINISTRATION OF 
PARATHYROID EXTRACT AND OF THE PARATHYROID 
GLANDS IN HYPERTHYROIDISM 

Laige doses of paiatluroid extract have been given to lats by 
Camei on and Carmichael 20 who failed to observe any consequent 
changes m the tlrjioid gland 

Kurokawa 27 produced hyperpai athyroidism m 180 rats by trans- 
plantation of paiathyroid glands In forty-eight patients m whom the 
glands were proved microscopically to have remained alive, there were 
generalized atrophic changes in body tissues, the thyroid being no 
exception 


23 Percival G H, and Stewart, C P Quart J Med 19 235 (April) 1926 

24 Moussu, G Compt rend Soc de biol 6 242, 1899 

25 Mandelstamm, M Ztsclir f d ges exper Med 35 370 1923 

26 Cameron, A T , and Carmichael, J Am J Physiol 58 1 (Nov ) 1921 

27 Kurokawa, K Japanese M World 5 241, 1925 
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MacCallum 28 reported the stiucture of the parathyroid glands in 
cases of hyperthyroidism He noted several changes but, in genet al, the 
paiathyroid tissue was said to be normal Benjamins 20 leported a 
similar observation Structural changes, such as the increase of mtra- 
glandular connective tissue or the formation of glandlike hollows filled 
with colloid, have been reported m cases of hyperthyroidism Kuio- 
kawa, 27 who studied the structuie of 815 parathyroid glands in many 
conditions, found that these changes were fiequent, howe\ ei , he did 
not report the structuie in any cases of hyperthyroidism 

I have made a microscopic study of fourteen parathyroid glands m 
cases of hyperthyroidism Three of the specimens were from three 
patients who died from acute hyperthyroidism In two of the cases 
operation had not been performed, and in one acute case hypeithyroidism 
developed one month after the ligation of the superior thyroid arteries 
Observation did not reveal an} constant change m these glands 

TETANY AND ENDEMIC GOITER 

McCainson 30 stated that in certain paits of India the mothers of 
cretins and of children born with goiter commonly suffer from tetany 
during pregnancy A case has been cited in which tetany developed 
during pregnancy m a woman with goiter who lived m a district m 
which endemic goiter was common When the patient moved to a 
nongoitious district, the tetany disappeared, leappearmg again, however, 
after she had leturned to the former locality 

THE FUNCTION OF THE PARV THYROID GLANDS AND A 
METHOD OF MEASURING IT 

Ever since it has been known that the extirpation of the parathyroid 
glands is associated with tetany, much of the study of the function 
of the parathyroid glands has centered about experimental tetany This 
condition has been produced b> many methods besides parathyroidectomy, 
among which are the following (1) voluntary hyperpnea, 31 (2) pre- 
cipitation of calcium in the tissues, 32 (3) the intravenous administration 
of large doses of sodium chloride, 3 ’ (4) intravenous administration of 
sodium bicai bonate , 34 (5) intravenous admimstiabon of neutral or 

28 MacCallum, W G Brit II J 2 1282, 1506 

29 Benjamins, C E Beitr z path Anat u z allg Pathol 31 143, 1902 

30 McCarrison, R Lancet 1 817, 1913 

31 Colhp, J B, and Backus, PL Am J Physiol 51 568 (April) 1920 

32 Loeb, J Am J Physiol 5 362, 1901 

33 Greenwald, I Am J Physiol 28 103, 1911 

34 Harrop, G A Bull Johns Hopkins Hosp 30 62 (March) 1919 
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alkaline phosphates, 35 and (6) the administration of guanidine or the 
more toxic methyl-guanidine 3G 

A great deal of confusion has arisen as to the actual cause of tetany, 
and many theories have been advanced, some of the more important of 
these being the following 

1 The In er plays a role of primary importance 37 

2 The s>mptoms are due to the absorption of products of bacterial 
decomposition from the intestine 38 

3 The theory advanced by Wilson 39 and his co workers is that a 
derangement of the acid-base equilibnum is the actual cause of the 
s) mptoms 

4 The theory that was first advanced by Vassaie and Generali is 
that the products formed by the metabolism of the thyroid are neutral- 
ized by the action of the parathyioid gland These authors believed that 
more severe tetany resulted from parathyroidectomy alone than from 
th) roparathyroidectomjr, but other authors have not agreed with their 
a iew, nor with that of Rudmger 40 who held a somewhat similar view 
regarding thyroid-parathyroid balance 

5 A theory which has been widely held was first advanced in 1912 
bA Koch 41 This is the so-called guanidine intoxication theory, which 
is based on the presence of meth) 1-guamdme and other bases in the urine 
folloAAing parathyroidectomy Paton, 30 Avho has been the chief advocate 
of this theory, expressed the belief that tetany is due to a definite toxemia 
and that the secretion of the paiathyroid glands controls the toxemia by 
the regulation of the production and destruction of guanidine and 
methyl-guanidine Paton makes the folloAving claims 1 The symp- 
toms produced by the administration of guanidine and methyl-guanidine 
are identical Avith those m cases of postoperative tetany 2 Small doses 
of these substances maikedly aggraAate the symptoms of tetany 3 The 
amount of these agents m the blood and m the urine is increased after 
parath} roidectoniA 

Findlay and Sharpe 42 and Nattrass and Shaipe 43 obsen r ed an 
increase m the amount of guanidine m the urine m cases of tetany The 

35 Binger, C J Pharm &. Exper Therap 10 105 (Aug ) 1917 

36 Paton, N Edinburgh M J 31 541 (Oct ) 1924 

37 Blumenstock J , and Ickstadt, A J Biol Chem 61 91 (Aug ) 1924 

38 Dragstedt, L R , and Peacock, S C Am J Physiol 64 424 (May) 1923 

39 Wilson, D W , Sterns T , and Thurlow, M J Biol Chem 23 89, 1915 

40 Rudinger C Ergebn d inn Med u Kinderh , 1908, p 221 

41 Koch, W F J Biol Chem 12 313, 1912 

42 Fmdlaj, L, and Sharpe, J S Quart J Med 13 433 (Juh) 1920 

43 Xattrass, F J , and Sharpe, J S Brit M J 2 238 (Aug 13) 1921 
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guanidine theory is strongly supported by Frank, Stern and Xothmann, 44 
Gy orgy and Vollmer, 47 Palladm and Grilliches'’ 0 and others 

It is also claimed by Watanabe 47 and others that there is a direct 
relationship between the injection of guanidine and the level of calcium 
m the blood Nelken, 48 Salvesen 49 and Collip and Clark 70 failed to 
confirm this opinion 

The one outstanding fact which has been established as evidence 
against the guanidine theory is that Collip and Clark observed guanidine 
intoxication in the presence of an overdosage of parath)roid hormone, 
that is, hypercalcemia fails to control tetany from guanidine poisoning 
while it is incompatible with tetany following paratnyroidectomv 

A method for estimating the activitv of the parathvroid glands based 
on guanidine destruction was advanced in 1923 by Vines, 71 and was 
found bv White and Cameron 7 - to have negligible activity when tested 
with Collip’s active parathyroid extract 

6 The calcium theory of the function of the parathyroid gland was 
advanced in 1909 bv MacCallum and Voegtlm, 77 and was confirmed in 
1923 by Salvesen, 19 who expressed the belief that the parathyroid glands 
control the calcium content of the blood In 1924, Greenwald ' 4 stated 
that there are onl} tw o well-authenticated metabolic changes after para- 
th) roidectomy , one is the lowered calcium content of the blood serum, 
and the other, the diminished excretion of phosphorus m the urine 

In his recent work, Collip 77 has proved conclusiv elv that the out- 
standing function of the parath) roid glands is their specific efifect on the 
concentration of calcium in the blood It appears now to be established 
that the activit) of the parath} roid glands can be measured to a great 
extent b} the level of the blood calcium 

That it may not, however, be possible to make serum calcium an 
absolute gage of the degree of activitv which is indicated bv clinical 
observations is suggested by the following reported cases 

44 Frank, E , Stern, R , and Xothmann, M Ztschr f d ges exper Med 
24 341, 1921 

45 Gjorgy and Vollmer Arch f exper Path u Pharmakol 105 200, 1922 

46 Palladm, A, and Grilliches, L Biochem Ztschr 146.458, 1924 

47 Watanabe, C K. J Biol Chem 36 531 (Dec ) 1918 

48 Xelhen Ztschr f d ges exper Med 32 343, 1923 

49 Salvesen, HA J Biol Chem 56*443 (June) 1923 

50 Collip, J B, and Clark, E P J Biol Chem 67:21 (March) 1926 

51 Vines, H W C Brit M J 2:559 (Sept) 1923 

52 White, F D, and Cameron, AT Tr Rov Soc Can 19.45, 1925 

53 MacCallum, W G, and Voegthn, C J Exper Med 11*118, 1909 

54 Greenwald, I J Biol Chem 59 329, 1924 

55 Collip, J B Medicine 5.1, 1926 
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Within the last year, three cases of mild chronic tetany in which the blood 
calcium is within normal limits, have come to m> notice Surgical measures had 
not been emplo\ ed on any of the three patients, all of w’hom were women between 
30 and 40 years of age None of them had goiter, nor were they pregnant One 
showed nervous excitability, with twitching of the muscles of the forearm, occa- 
sionallj accompanied by slight pain These symptoms had been present almost 
daih for four months The second and third patients complained of slight numb- 
ness and tingling of the fingers and small, painless, cramphke contractions of the 
muscles of the fingers, in one patient, the muscles of the forearm were occasionally 
affected The s} mptoms had been present for eight and two weeks, respectively 
The first patient w'as seen in March, 1927, and the other two in September, 1927 
In none of the patients was there a positive Chvostek’s nor Trousseau’s sign 
present, and the serum calcium was normal in all three These patients w'ere all 
given parathyroid extract, 0 2 grams (001296 Gm ) three times daily for a period 
of tw r o weeks, with the results that the symptoms entirely disappeared The first 
patient had slight sv mptoms for ten days, the symptoms of the other two com- 
pletelv disappeared in four and seven days, respective!} 

In the patient who was seen in March, recurrence of the symptoms was not 
noted when she was again observed three months later The second patient 
was free from s}mptoms one month after the treatment had been discontinued, 
and the third patient has not been heard from since two weeks after the comple- 
tion of the course of treatment with thyroid extract Although there may have 
been some doubt as to the diagnosis, the s} mptoms were suggestive and disappeared 
on treatment 

Another condition opposite to the foregoing one may occur Patients 
with definite chronic postoperative tetam may he free from symptoms 
while the serum calcium remains about 8 mg per hundred cubic centi- 
meters, or slightly abo\e this level, whereas if it falls below 8 mg, the 
definite classical sj mptoms occur All who are familiar with chronic 
postoperative tetany have undoubtedly frequently obsened this sequence 
of events 

A third group of cases shows that symptoms of tetany may lemain 
for several dajs after the serum calcium has returned to the normal 
lei el This condition maj, however, be due to the fact that although the 
sei um is normal, the amount m the tissues is still slightly deficient A 
case seen recenth will illustrate this point 

A married woman, aged 37, had had a thyroidectomy for hyperthyroidism On 
the morning of the fourth da} after operation, she complained of numbness of the 
fingers and toes and stiffness of the fingers She showed a mild degree of carpal 
spasm and a moderately marked Trousseau’s sign The calcium was 7 9 mg per 
hundred cubic centimeters Two cubic centimeters of parathvroid extract-Colhp 
(Lilh) was given subcutaneously and the symptoms promptly subsided Because 
of the presence of mild symptoms, 1 cc of parathyroid extract-Colhp was given on 
the fifth, sixth, and seventh da}s after operation The level of the calcium rose 
to 10 4 mg and further medication was not given On the eighth day after opera- 
tion, when the serum calcium was 10 3 mg, the patient described a sensation of 
stiffness and slight numbness in the fingers The following day, she said that her 
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fingers felt “as though they had just been asleep,” the serum calcium being 
10 8 mg On the tenth day, she described a slight tingling of the fingers as though 
“they had been cold and were just getting warm again” The serum calcium on 
this day was 10 5 mg The symptoms had entirely disappeared on the eleventh 
day after operation and they did not recur during observation through the follow- 
ing week 

These observations suggest that the smaller changes in the function 
of the parath) roid glands cannot al\va\ s be detected by changes m serum 
calcium , however, I believe that it is the best method available 

THE BLOOD CALCIUM IN HYPOTHYROIDISM AND HYPERTHYROIDISM 

In the literature may be found many teferences to the level of seium 
calcium in cases of hypothyroidism and hyperthyroidism Hall stated 
that the content of this salt in the blood is diminished in both conditions 
Herzfeld and Neubeiger 97 reported deteimmations of the serum 
calcium m nineteen cases of hyperthyroidism In one thud of these 
cases, the le\el was normal, and in two thuds, it was either above oi 
below normal 

In a study of blood calcium levels in twenty-six cases in which 
thyroidectomy was performed, Rabmowitch 58 noted a constant drop 
following operation Neither symptoms of tetany nor any para- 
thyroid tissue was found in the operative specimen of any of the cases 
He assumed the cause of the diminished serum calcium to be trauma of 
the parathyroid glands caused by manipulation 

In the experiments leported in this paper, the seium calcium has been 
measured in cases of hypothyroidism and hyperthyroidism Cases m 
which there were symptoms of tetany have not been included 

The method used was a modification of the Kramei-Tisdall method, 
the permanganate solution being 0 01 normal By this method, it may 
be noted that when one uses 2 cc of seium an error of 0 4 mg pei 
hundred cubic centimeters will be made by an error of one drop of fluid 
m titrations I have tried to have the titrations correct to one half of a 
drop in all experiments Duplicate determinations were done in twelve 
cases, and the greatest difference found between two determinations on 
the same serum was 0 4 mg This diffeience was found in two of the 
twehe cases In one, theie was a difference of 0 3 mg , in four, a 
difference of 0 2 mg The results were identical in five 

The normal level of serum calcium was considered by Kramer and 
Tisdall 59 to be from 9 5 to 10 5 mg per hundred cubic centimeters 

56 Hall, S H Med Press 119 436, 1925 

57 Herzfeld, E, and Neuberger, J Deutsche med Wchnschr 1 1324, 1875 

58 Rabmowitch, I M J Lab & Clin Med 9 543 (May) 1924 

59 Kramer, B, and Tisdall, F F J Biol Chem 47 475, 1926 
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Kramer and Howland 60 reported a normal variation of from 9 3 to 
9 9 mg Watchoin 61 considered the range from 10 to 10 8 mg to be 
normal, and Schamberg and Brown 02 cited normal cases with a variation 
of fiom 9 7 to 11 3 mg I have consideied the extreme normal range 
of serum calcium to be from 9 to 11 mg per hundred cubic centimeteis 

EXPERIMENTAL WORK 

In the first experiment, ninety-six determinations of the seium 
calcium were made m twenty-seven cases of hyperthyroidism m which 
bilateral ligation of the superior thyroid artery was performed The 
results m this group of determinations are shown in chart 1 The liga- 
tions m each case were three days apait and determinations of the seium 
calcium were not made on the intervening da) s 



Chart 1 — Tlie relationship between ligation of the superior thyroid arteries 
and the blood serum calcium — ninety-six determinations in twenty-seven cases 
The ordinates represent the serum calcium in milligrams per hundred cubic centi- 
meters , the deep black lines, the number of patients on whom determinations were 
made on a given day, the abscissae, days before and after operation Minus one 
( — 1) means one day before the first ligation, and plus one (+1), one day after 
the second ligation 


It will be noted that definite changes m the seium calcium level did 
not lesult from this operation Of the sixty deteimmations which were 
made before operation, the a\erage value was 10 9 mg , while the average 
value m thirt)-six determinations following these operations was 
10 8 mg pei hundred cubic centimeters 

60 Kramer, B , and Howland, T J Biol Chem 43 35 (Aug ) 1920 

61 Watchorn, E Quart J Med 18 288 (April) 1925 

62 Schamberg, J F , and Brown, H Inorganic Salts in Blood as a Measure 
of Liver Damage in Treatment with Arsphenamines, Arch Dermat & Syph 
9 368 (March) 1924 
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In the second expemnent, thnty-five deteimmations of the seium 
calcium weie made in eighteen cases of hypei thyroidism in which lobec- 
tomy was pei foimed In 59 pei cent of the cases, a fall m seium calcium 
followed this opeiation, the lowest levels occuinng fiom the fouith 
to the sixth day after opeiation Of twenty determinations made befoie 
opeiation, the aveiage level was 10 8 mg, while of fifteen postoperative 
determinations, the aveiage value was 10 5 mg, an average fall of 
0 3 mg 

In the thud expemnent, 177 serum calcium values were established 
m 54 cases of thyi oidectomy A fall in seium followed this operation 
m 76 pei cent of the cases The average results in these cases aie shown 
m chait 2 The aveiage calcium level m ninety-one deteimmations 

DAYS BEFORE OPERATION • DAY5 AFTER OPERATION 



Chart 2 — The effect of thyroidectomy on blood serum calcium in 177 deter- 
minations m 54 cases The numbers represent the averages of the serum calcium 
levels in several cases on the same day relative to the operation The black 
upright lines represent the number of cases on which determinations were made 
on a given day 

made befoie opeiation was 10 7, while the aveiage of eighty-six detei- 
mmations made after opeiation was 9 7, an average fall of 1 mg 

In 75 per cent of the cases, the fall was definite from the first to 
the eighth day after operation 

The fouith experiment includes 139 serum calcium levels m as 
many cases in which the basal metabolic rate was detei mined coinci- 
dentally, the blood for the test being taken m every case in the morning 
befoie the ingestion of food and within one horn after the metabolism 
test Chart 3 has been complied in the same manner as the two preced- 
ing charts, the abscissae heie lepiesentmg the basal metabolic rate 
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All calcium le\ els in cases m which the metabolic rates were withm 5 
per cent of one another have been averaged and plotted as one point 
The metabolic rates varied from — 30 to + 75 per cent The chart 
shows that there has been neither a definite rise nor fall in serum calcium 
in either hypothyroidism or hyperthyroidism The average seium cal- 
cium in thirty-two cases, in all of which the basal metabolic rate was 
below zeio, was 10 9 mg per hundred cubic centimeters The average 
serum calcium in 105 cases, m which the basal metabolic rate varied fiom 
0 to +75, was 11 mg per hundied cubic centimeteis 

In 5 1 per cent of all cases, tlieie was a hypei calcenua This condi- 
tion occuired evenly m hyperthyioidism and hypothyi oidism in all cases 
m which a basal metabolic rate was determined 



Chart 3 — The relationship between the blood serum calcium and the basal 
metabolic rate m 139 cases The abscissae represent the basal metabolic rate 

I consider that the fall m serum calcium which follows thyroid lobec- 
tomy and thyioidectomy is due to three mam factors (1) trauma which 
the paiathyroid glands suffer from manipulation during operation, (2) 
disturbance m the blood supply of the parathyioid glands, from edema 
about the opeiative field, from dnect tiauma or infection, (3) the 
removal of parathyroid glands which have been on the anterior surface 
of the thyroid gland In 1 per cent of all cases, hypocalcemia occurred , 
m each case it v as present m a patient who was convalescing from thy- 
roidectomy and with one exception it was found on the sixth or seventh 
day after operation 

SUMMARY 

I have reviewed some of the more important articles dealing with 
the parathyroid glands and their relation to the thyroid The points 
which seem of importance in regard to thyroid-parathyroid mterrela- 
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tionship aie 1 Hypertrophy of the thyioid or of the parathyroid 
glands may be provoked m eithei by the suppression of the other 
2 Thyroid extract has been obseived to have a beneficial effect in the 
tieatment of the subjects with tetany 3 Definite changes in the 
paiatlmoid glands haie not been found m hyperthyroidism 

The function of the parathyroid glands has been measured by detei- 
minations of the seium calcium level In cases in which a ligation of the 
superioi thyroid artei les was made, a definite di op m serum calcium did 
not occui A fall of this level was noted aftei lobectomy, and a much 
more maiked fall occuried aftei thy loidectomy The seium calcium was 
found to be normal in 94 per cent of 139 cases of hypothyi oidism and 
hyperthyioidism, and no relationship to the basal metabolic late has 
been obseived 

In the expei iments lepoited, I have found nothing to indicate an 
abnormal functioning of the paiathyroid glands in either hypothyroidism 
oi hyperthyroidism except in cases in which there has been actual trauma 
or removal of these glands I have not found any indication for the use 
of parathyroid hormone in cases of hyperthyroidism 
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In 1788, Cawley 1 reported an intimate lelationship between the 
sugar-regulating function and the pancreas and considered pancreatic 
disease an impoitant factor in the etiology of diabetes This was con- 
firmed by various workeis, such as Bright, Bouchaidat, Friedreich, 
Bambergei, Fienchs, Senator, Seegen and others The reports, how- 
ever, were not more than statistical statements until Lanceraux (1877), 
on the basis of many clinical and anatomic obseivations, descnbed a 
special form of diabetes called diabete panci eatique or diabete maigre 
This form is chai acterized by a sudden onset, a malignant course and a 
special tendency to the complication of tubeiculosis The epoch-making 
discoreiy of von Mermg and Minkowski 2 m 1889, as well as the inde- 
pendent obseivations of N de Domimcis, 3 that complete extirpation of 
the panel eas m dogs always caused pronounced glycosuria, had made a 
marked eftect on the development of the investigation of diabetes Fol- 
lowing the suggestion of Lancereaux, Bouchard and Gilbeit in France, 
diabetes has been classified anatomically into panci eatic, hepatic and 
nervous foims As to the histologic alterations in the pancreas, opinions 
diveiged at first Some authois, such as Lepme and Lemome, thought 
that the lesion of the acinous cells was the predominating feature, while 
many otheis, especially after the work of E L Opie, directed their 
attention to the insular involvement The typical pathologic process of 
the disease was fust noted by Opie 4 m 1901, and later by Weichselbaum 

> From the Medical Clime of Prof R Inada, Imperial University of Tokyo 

1 Caulei, cited by Labbe and Rechard Les troubles de la secretion externe 
du pancreas dans le diabete sucre, Arch d mal d l’app digestif 16 867, 1926 

2 Von Mermg, J , and Minkowski, O Diabetes nach Pankreasexstirpation, 
Zentralbl f khn Med , 1889, p 393 , Arch f exper Path u Pharmakol 26 371, 
1889 

3 De Domimcis Studnsperim intorno agli effeti delle estirpazione del pan- 
creas, Gior mt delle sc med , 1889, p 801 

4 Opie, E T Diabetes Melhtus Associated with Hyaline Degeneration of 
the Islands of Langerhans of the Pancreas, Bull Johns Hopkins Hosp 12 263, 
1901 
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and Stangl, 5 who descnbecl the hydiopic degeneiation and vacuolization 
of the cells ot the islands of Langeihans 

The obtaining of the pancreatic hoimone fiom the wasted glands of 
animals by ligating the panel eatic duct accoidmg to the method of 
Banting, 0 and the piepaiation of insulin fiom the islands of Langeihans 
of ceitain fish, in which they aie sepaiated fiom the zymogenous tissue, 
accoidmg to the method of Macleod, 7 have removed all doubt as to the 
couectness of the theoiy concerning the islands of Langeihans Thus, 
a deficiency of the internal secietion of the pancreas as the immediate 
cause of the glycosuna is incontestably pioved, but the extent to which 
othei oigamc functions aie involved still lemains a question According 
to Allen, 8 m most, if not in all, cases of diabetes melhtus, theie must 
have been a piecedmg disease of the panel eas This investigator 
expiessed the opinion that such panel eatic disease usually involves dam- 
age to both the insular and the acinous cells According to Joslm, 9 
although pi oof of the cause of the disease is still lacking, an antecedent 
pancreatitis would appear to be the most logical explanation 

In view of the foregoing data, it is evident that m diabetes melhtus, 
in addition to the known diminution of the internal secietion of the 
cells of the islands of Langerhans, theie may also be abnoimalities m the 
external secietoiy activity of the pancreas 

Okada 10 lepoited, peihaps foi the fiist time, that in seveie cases of 
diabetes a small amount of tiypsm is often found m the duodenal con- 
tents Von Noorden 11 reported that in some cases of diabetes there was 
a diminution in the tiypsin and lipolytic enzymes piesent in the duodenal 
fluid, notwithstanding the fact that the feces still lemamed noimal 
Katsch and Fnednch 12 found a significant deciease of tiypsm and 
lipase m only one of five cases Langanke 13 examined four patients with 
severe diabetes and found that all of them showed i emai kably low activity 
of tiypsm and lipase while the amylolytic activity lemamed normal 

5 Weichselbaum, A, and Stangl, E Zur Kenntnis der feineren Verander- 
ungen des Pankreas bei Diabetes Afelhtus, Wien klin Wchnschr 14 968, 1901 

6 Banting, F G , and Best, C H The Internal Secretion of the Pancreas, 
J Lab & Clin Med 7 251 (Feb) 1922 

7 Macleod, J J R The Source of Insulin, J Metab Research 2 149, 1922 

8 Allen, F M The Pathology of Diabetes, J Metab Research 1 165, 1922 

9 Joslin, E P The Treatment of Diabetes Melhtus, ed 3, Philadelphia, 
Lea & Febiger, 1923, p 137 

10 Okada, S Ueber die Pankreassekretion bei Sekretionsstorungen des 
Magens, Mitt d med Fak d Kaiserl Umv z Tokyo 13 157, 1914 

11 Von Noorden Die Zuckerkrankheit, ed 7, 1915 

12 Katsch, G, and Friedrich, L v Bauchspeichelfluss auf Aetherreiz, Klin 
Wchnschr 1 112, 1922 

13 Langanke, E Untersuchungen uber die Fermente des Pankreas vor und 
nach Injektion von Aether ins Duodenum, Klin Wchnschr 1 1458, 1922 
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Jones, Castle, Mulholland and Bailey 14 made a compi ehensive report 
on the panel eatic and hepatic activity in diabetes melhtus They 
examined an unselected group of sixty-eight diabetic patients for evi- 
dence of alteration m pancreatic or hepatic activity They found a 
diminution m the actnity of one or more of the pancreatic enzymes 
m neaily one half of then cases The striking fact in these observa- 
tions is that amylolytic activity was apparently diminished in only 
9 per cent of the cases, whereas pioteolytic activity and lipolytic 
activity showed definite i eductions below the minimum noimal level 
in over a third of the cases The elimination of bile pigment m 
the duodenal contents was abnoimally high in about thiee fouiths of 
the cases In neaily one third of the cases there were associated abnor- 
malities of the enzymes and pigment The enzymatic abnormalities are 
pi obably due to associated anatomic and functional changes in the acinar 
tissue of the panel eas Undernuti ltion may play a part m the pioduction 
of such changes, but it is not the sole cause It is suggested that the 
diminution of enzymatic activity may lesult m distuibances due to 
impropei digestion of fat and piotein Efficient insulin therapy, with 
its associated mciease in food intake and impiovement of tissue func- 
tion, seems to be associated with a i eduction m pancreatic and hepatic 
abnoimahties Acidosis pioduces a rnaiked disturbance m the enzymatic 
actnity in the pancreas and also in the function of the livei The 
improvement m pancreatic and hepatic function, as measured by changes 
m the enzjmatic activity and elimination of bile pigment, following 
recovery from acidosis, is striking, and illustrates the degiee to which 
acidosis aftects all bodily functions Cholelithiasis, as diagnosed by 
examination of the duodenal sediment, occurred m 19 per cent of the 
cases in this series In adults, cholelithiasis is probably one of the most 
impoitant etiologic factors m diabetes melhtus Baigy, 15 Labbe and 
Rechad 10 also made examinations to deteimme the enzymatic activity 
of the duodenal content in cases of diabetes melhtus Labbe and Rechad 
could not find noimal enzymatic activity m any of their ten cases They 
examined the proteolytic and lipolytic activity and found that both 
enzrmes weie insufficient in six cases, in thiee cases only the proteoly- 
tic was diminished, and m one case, only the lipolytic activity The insuf- 
ficiency of the external secretion of the pancreas is often not appaient 
clinically, but is levealed only in the laboiatoi)- examination, while m 

14 Jones C M , Castle, W B , Mulholland, H B , and Bailey, F Pan- 
creatic and Hepatic Activity m Diabetes Melhtus, Arch Int Med 35 315 (March) 

1925 

15 Bargr, R Insuffisance pancreatique externe chez les diabetiques, etudiee 
par 1 evaluation de factmte fermentaire dans le liquide duodenal. These de Paris, 

1926 

16 Labbe, M , and Rechad Les troubles de la secretion externe du pancreas 
dans le diabete sucre, Arch d mal d 1’app digestif 16 865, 1926 
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some cases it is shown by the symptoms of indigestion and seveiely 
impaiied regulation of metabolism of sugai This is why the diagnosis 
of panel eatic diabetes should be made with caution Hernando 17 also 
found a diminution of the enzymatic activity of the duodenal fluid in a 
gieat many cases of diabetes On the other hand, Isaac-Krieger 18 did 
not find a diminution of the duodenal contents in seven cases Deusch 
and Diost 19 examined the enzymatic activity of the duodenal contents in 
ten cases of diabetes of \anous degrees of seventy in pel sons of diffeient 
ages and chd not find any deviation from that m conti ol peisons They 
expressed the opinion that distuibance of the external secretion of the 
pancreas in cases of diabetes is exceptional and only found in cases m 
which pi unary enteiogemc involvement of the panel eas ( panel eatitis, 
cysts or stone formation) or a umveisal pancreatic involvement (arterio- 
scleiosis, syphilis) exists Fiom their lesults, they attempted to classify 
the diabetes as a pnmaiy, chiefly kryptogenetic diabetes affecting the 
islands of Langeihans and a secondary, symptomatic diabetes with pan- 
creatic involvement Kusnetzow and Michailowa 20 examined six cases 
of diabetes and found m foui cases the ti) 7 ptic and hpofytic activity 
distinctly diminished while amylolytic activity showed noimal values 
The two othei cases were noimal in all enzymatic activity 

The opinions of the aforementioned authois vaiy widely Some 
considei that the enzymatic activity of the duodenal contents is always 
abnoimal in diabetes, otheis, that it is nevei abnormal and still others 
noted, individually and collectively, eveiy modification of point of view 
between the two exti ernes This state of affans shows that it is lmpoi- 
tant to make moie exact and careful examinations m cider to solve this 
problem It seems necessaiy to consider why this conti oveisy arose 
Certain factois in the cases examined, i e , sevent) and duiation of the 
disease, age, nutntion, etc , might have an influence on the lesults The 
most important factoi , howevei , seems to be the method employed As 
we mentioned in our fiist papei, all quantitatne tests applied hitherto 
meet theoietieal as well as leal objections Therefore, we wish to publish 
the lesults we obtained by using oui newly devised method , 21 which 
might be considei ed foi the fiist time as a quantitative test of the pan- 
creatic secretion m its leal meaning This method was published in the 
first paper of this senes 21 

17 Hernando, cited by Deusch and Drost Klin Wchnschr 6 2180, 1927 

18 Isaac-Krieger, cited by Deusch and Drost Klin Wchnschr 6 2180, 1927 

19 Deusch, G , and Drost, E Innere und aussere Sekretion des Pankreas, 
Klin Wchnschr 6 2180, 1927 

20 Kusnetzow, N W , and Michailowa, S J Die Sekretionstatigkeit del 
Bauchspeicheldruse lm Verlaufe von Erkrankungen der Gigestionsorgane, Arch 
f Verdauungskr 40 41, 1927 

21 Okada, S , Sakurai, E , Imazu, T , and Kuramochi, K Pancreatic Func- 
tion I The Quantitative Estimation of the Pancreatic Secretion, Arch Int Med 
42 270 (Aug ) 1928 
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CLINICAL MATERIAL 

The cases under consideiation consisted of an unselected group of 
twenty-one patients with diabetes melhtus taken from the wards of the 
Univeisity Hospital of Tokyo The youngest patient was 28 yeais of 
age, the oldest, 72 The aveiage age was 45 yeais Of the twenty-one 
patients, two-thirds wei e over 40 years of age and five over 50 There 
was a pronounced preponderance of the cases m men, sixteen being m 
men and five m women The aveiage known duration of the disease was 
about two years In a few patients, the disease had apparently existed 
for only one or two months, and m one case it must have been present 
ovei ten years Four patients weie examined while definitely acidotic, 
foui patients had a known history or had been suffering fiom chole- 
cystitis oi jaundice Exophthalmic goiter was piesent in two patients, 
one of whom was suffering seveiely when examined Two patients weie 
suffering extremely from nephritis and two from pulmonaiy tuber- 
culosis 

OBSERVATIONS 

Examination of the table ie\eals that some patients showed noimal 
enzymatic activity of the duodenal return while others showed only a 
tiace of the activitv, so that it seemed illogical to compute an aveiage 
Of the twenty-one cases in which thirty-thiee estimations weie made, 
foui teen cases (67 per cent) showed proteolytic efficiency (a three hours’ 
collection) , seven cases (33 per cent) amylolytic efficiency, and twelve 
cases (57 per cent) lipolytic efficiency values below our minimal noi- 
mal limits In six cases (29 per cent), the efficiency of the thiee 
enzymes was within normal limits, in five cases (24 pel cent), all 
enzymes were abnormally low Fiom the enzymatic activity, we found 
the pioteolytic activity m nine cases (43 per cent), the amylolytic 
activity in fo'ur cases (20 per cent) and the lipolytic activity m nine 
cases (43 per cent) to be below our minimal normal limits In 
ten cases (48 per cent), the activity of the three enzymes was within 
normal limits, and m three cases (14 pei cent), abnoimally low The 
percentage of abnormalities foi the total efficiency is somewhat higher 
than that foi the enzymatic activity, owing to the fact that the amount 
of the duodenal return was distinctly low m several cases Some cases 
showed abnormally low enzymatic activity with a normal amount of 
duodenal return, some showed normal enzymatic activity with a scant} 
amount, and otheis showed abnormally low enzymatic activity as well as 
an abnoimally low duodenal leturn The average amount of the duo- 
denal return (when estimated seveial times for the same case, the aver- 
age of the case was used for the calculation of the geneial aveiage) was 
87 cc (71 pei cent of the normal average) The average amount of the 
bile pigment in three houis was 12 2 mg, which is slightly lower than 
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the normal average (14 9 mg ), while the concentration of that is a little 
higher (14 mg per cent, while the normal average was 12 1 mg per 
cent) We could not detect any abnormalities m the pigment, though a 
slight difference from the normal in average was perceived The abnor- 
mality of the enzymatic activity does not seem to exhibit any direct 
proportion to the severity of the impairment of the metabolism of sugar, 
duration of the disease, kind of diet, calories taken on previous days and 
acidosis The nature of the involvement seems to be the most essential 
factor The noticeable fact is that patients over 59 years of age (five 
cases) showed all abnormalities of the enzymatic efficiency for one or 
more of the enzymes Perhaps these abnormalities in persons past 
middle life are due to some serious damage to both the insular and the 
acinous cells as the result of pancreatic fibrosis and cellular degeneration 
or sclerosis The most instructive cases are cases 6 and 10 and probably 
the case of pancreatic cancer without gl}COsuria Somewhat detailed 
reports of these thiee cases are given as representatne of cases of pan- 
creatic im olvement 

REPORT OF CASES 

Case 6 — Y S, a farmer, aged 43, was admitted to the hospital on Oct 29, 
1926, complaining of jaundice, glycosuria and emaciation There was nothing of 
special importance in the family history So far as was known, he had not had 
measles , the patient had been vaccinated several times He had had typhoid 
fever at the age of 7, which cleared up in a month He had married at the 
age of 20 A syphilitic condition of the left eye occurred when he was 26, it 
had healed in three weeks, leaving some weakness of vision and central scotoma 
He said that he had not had venereal disease, but the Wassermann reaction was 
strongly positive He drank wine only occasionallv, and used tobacco moderately 

Since November, 1925, he had complained of fatigue and loss of appetite, 
later, he was emaciated Since January, 1926, he had also complained of thirst 
and hunger, and polyphagia, polydipsia and polyuria were manifested He thought 
that he must have diabetes melhtus, judging from the description of the condition 
in the newspapers He visited a hospital, and found that his diagnosis was 
correct Since April 20, anlidiabetic treatment had been given, but after that he 
complained of lack of appetite, nausea, and pjrosis On May 20, he was admitted 
to the hospital, he was placed on a restricted diet, and insulin was administered 
Following this treatment, the urine became free from sugar Diarrhea did not 
occur Since October 1, he had noticed that the urine was brown On October 3, 
a physician diagnosed the condition as jaundice which continued to grow worse 
until October 15 to 16, after which it gradually became better On October 29, 
he had visited the dispensary of the hospital, and had been admitted to the hospital 

He was well built, but showed signs of slight emaciation The skin was some- 
what pale, with a moderate degree of jaundice, and the amount of subcutaneous 
fatty tissue was reduced According to the method of Meulengracht, the degree 
of the jaundice was 68 times positive The pupillary reflexes were normal Some 
of the teeth were missing or were carious The tonsils were in good condition 
The pulse rate was 60, and there w 7 as no fever Abnormalities of the head, neck 
and extremities were not detected The apexes were somewhat dull, otherwise 
the lungs were intact The size of the heart was normal , the first sound at the 
apex was impure and the second pulmonic sound was accentuated The abdomen 
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was increased in its transverse diameter and was distended in the epigastric region 
The right lobe of the liver was palpable one and a half fingerbreadths under the 
arch of the right rib in the right nipple line The border was rather hard The 
surface was slipper} and did not show any tenderness The left lobe was palpable 
two fingerbreadths under the ensiform The consistency of both lobes was not 
so hard as in cancer The gallbladder was palpable two fingerbreadths under the 
arch of the right rib and was somewhat smaller than a fist It was soft and 
elastic The spleen was just palpable The pancreas was palpable m the mid- 
line between the ensiform and the umbilicus, about 3 cm in breadth, some tender- 
ness was felt and the consistency was somewhat increased Ascites was not noted 
The stomach when swollen by effervescent powder extended from the middle of 
the ensiform and umbilicus to the umbilical line, the right border extending three 
fingerbreadths right of the middle line Roentgen-ray examination did not show 
an> abnormality of the stomach The free hydrochloric acid of the contents of 
the stomach one hour after an Ewald-Boas test meal was 34 and the total acidity 64 
The sugar tolerance was not exceeded until more than 60 Gm of boiled rice had 
been ingested When 100 Gm of boiled rice was ingested the blood sugar rose 
to 0 306 per cent and the urinary sugar to 1 2 per cent The threshold of sugar 
tolerance \\ as 0 2 per cent The duodenal contents were examined ten times and 
were almost always greenish, culture showed Staphylococcus albus The enzymatic 
activity of the duodenal contents was extremely reduced When our three hours’ 
test method was used, the tryptic efficiency showed from 0 28 to 12 kilo-units, the 
amylolytic efficiency from 11 to 13 6 kilo-units and the lipolytic efficiency from 
17 to 6 2 kilo-units The degree of the enzymatic activity was 0 to 20, 0 to 
146 and 3 to 596 units, respectively Hypodermic injection of 10 units of insulin 
(Toronto) caused marked hypoglycemia, but there was scarcely any increase m 
the external secretion The feces were voluminous , when the patient was admitted 
the> were porcelain-colored, but later they became somewhat greenish Micro- 
scopically, a moderate amount of striated muscle fibers and steatorrhea were 
perceived during the whole course of the disease The Kashiwado test gave a 
positive result, the Wassermann reaction was strongly positive When the patient 
was admitted, a slight anemia existed, which later improved decidedly The 
am}lohtic activity of the blood serum, according to the method of Wohlgemuth, 
w as 8 degrees and that of urine was 32 degrees, l e , there was no increase of 
the amvlolytic activity of the blood serum and urine The jaundice lessened 
and disappeared in a month The liver gradually became smaller, after from 
fifteen to sixteen days, the left lobe was no longer palpable, while after twenty days 
the gallbladder also was not palpable, only the right lobe being barely felt under 
the arch of the right rib The panel eas was barely palpable after two months 
Intensive treatment with Meltzer-Lyon’s duodenal drainage and applications of 
mercurial ointment and iodide was tried , when the patient was discharged on 
Jan 27, 1927, the Wassermann reaction was still positive and the enzymatic 
activit} was even less than when an examination was made on July 29, 1927, 
nine months after admission The insulin treatment (35 units per day for eleven 
da}s) did not cause the diabetes to improve nor the enzymatic activity of the 
duodenal return to increase Loewi’s pupillar test was often tried, with negative 
results 

Fiom the s)mptoms m this case, it is evident that it belongs to the 
type of so-called pancreatic diabetes In view of the fact that the duo- 
denal return was always greenish and contained Staphylococcus albus, 
it seems likely, at first glance, that the pancreatic involvement was caused 
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by contamination fiom the bile and pancreatic ducts But diabetes 
existed long befoie the biliary tract disease and did not improve when 
the latter condition disappeared It seems piobable that syphilis had 
some special relation to pancreatic involvement, though it was not 
definitely proved 

Case 10 — S IC, a functionary, aged 49, was admitted to the hospital on 
April 10, 1927, complaining of thirst, cough during the night, fatigue and lack 
of appetite The family history showed that the elder sister died of cholecystitis 
and peritonitis and the elder brother of beriberi The patient had had smallpox 
when 7 years of age, measles when 11, ascariasis from 10 to 13, malaria when 13, 
gonorrheic gonitis when 21 and typhoid fever when 31 or 32 He said that he 
had not had syphilis, but two years before admission he had suffered from an 
eye disease, and the Wassermann reaction was strongly positive He was given 
ten injections of arsplienamine, and the condition improved He took wine 
moderately and tobacco excessively, he also liked sweets He had broken the 
left clavicle when he was 43 years old 

In March, 1919, he had complained of thirst, a physician had examined the 
urine and had diagnosed the condition as diabetes mellitus For about three years 
he had been fed on a restricted diet When rice had been eliminated from his 
diet, he had become emaciated and weary, but he had recovered when rice was 
again added to the diet In 1921, he had been advised to take care of himself 
as his lungs were diseased Since February 12 or 13, 1927, he had suffered from 
pulmonary tuberculosis and had been confined to bed He coughed and expec- 
torated sputum sometimes tinged with blood almost constantly He was feverish 
from the beginning and at times his temperature was as high as 39 C (102 2 F) 
Sweating at night was especially noticeable when he took a drug He complained 
of almost continuous headache, light sleep and constipation 

Examination showed a man of rather small stature, somewhat weakly built 
and with an extremely reduced amount of subcutaneous fatty tissue The muscles 
were considerably relaxed The skin was hot and normally humid The facies was 
somewhat dull , the complexion was normal The pulse rate was 90, and the beat 
was faint and regular The arterial wall was rather hard Respiration was 
costal abdominal The tendon and skin reflexes were normal The tongue was 
wet, but not furred and the pharynx was somewhat injected The chest was sym- 
metrical and the supraclavicular and infraclavicular regions were depressed The 
heart was normal except for a slight accentuation of the second pulmonic sound 
The dulness of the right lung extended from the apex to the first rib and in the 
left lung, to the second rib In the back, the dulness extended from the apex 
of the right lung to the second rib and to the fourth rib on the left side Respira- 
tory sounds were weak and on the left side, anteriorly and posteriorly, many small 
and medium sized rales were audible The extremities did not show any abnor- 
malities except marked weakness The sputum was slimy and mixed with blood 
Elastic fibers were detected and according to Gaffky’s scale, no 5 or 6 tubercle 
bacilli were found The urine was yellowish brown, somewhat turbid and acid, 
there was a trace of protein, 4 per cent of sugar and no acetone bodies The 
blood count showed 4,740,000 red blood cells, 82 per cent hemoglobin and 7,100 
leukocytes, of which 70 5 per cent were polymorphonuclear neutrophils, 24 per 
cent, lymphocytes, and 5 5 per cent, mononuclears and transitory cells The 
Wassermann reaction was weakly positive The blood sugar rose to 0 315 per 
hundred cubic centimeters when 50 Gm of bread and 200 cc of milk were ingested 
The fever continued almost two months with fluctuations , on April 13, 1927, when 
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the duodenal return was examined, it showed 37 6 C (99 7 F ) m the morning and 
39 2 C (102 6 F) in the afternoon The tryptic efficiency of a three hours’ col- 
lection was 67 7 kilo-units, the amj lolytic 253 kilo-units and the lipolytic, 58 3 kilo- 
units, i e , normal values Intensive treatment with insulin was tried, but, owing 
to the progress of the pulmonary tuberculosis, the patient died on May 7 At 
autopsy, the pancreas did not show much alteration , it weighed 85 Gm , and the 
consistency was somewhat increased, there was no atrophy Microscopically, the 
connective tissue was increased to some extent, but it did not show any typical 
fibrosis On the other hand, the islands of Langerhans had almost completely 
disappeared except at the tail of the pancreas where a few remnants were detect- 
able The observations that the acinar tissue was almost intact and the insular 
tissue was extremely atrophied coincide with the clinical observations of a normal 
external secretion and a highly disturbed regulation of metabolism of sugar 

Pancreatic Cancer — T O , a functionary, aged 45, was admitted to the 
hospital, Nov 10, 1926, complaining of constipation and pain m the left hypo- 
chondnal region The family history showed that the maternal grandmother died 
of apoplexy, the mother of pulmonary tuberculosis and the brothers of tuberculosis 
or heart disease The patient had had measles when he w'as a small child, and 
had been vaccinated many times He had had beriberi when 14, pyrosis when 
20 and gonorrhea when 21 He said that he had never had syphilis He smoked 
tobacco and liked sweets, but did not take much wine Since he was over 10 
years of age, he had suffered from constipation, a bowel movement occurring only 
every three or four days On Aug 25, 1927, as he had not had a bowel move- 
ment for four or five days he took castor oil, without effect, on the next day, 
he tried some powdered remedy, which caused nausea, vomiting and a movement 
The following day he complained of pain in the hypochondriac region, which was 
not influenced by eating a meal After several days, a similar pain occurred, 
and continued, there were fluctuations in intensity, but it was not colicky, and 
a bowel movement did not relieve the pain In September, he was treated by a 
physician, and bowel movements occurred oftener On October 6, after indiges- 
tion, he complained of severe pain in the left hypochondriac region, without 
vomiting Since medicinal treatment did not relieve him, he was admitted to the 
hospital 

The patient was well nourished, vigorous and of medium height The amount 
of subcutaneous fatty tissue was reduced The pulse rate was 69, regular and 
moderately resistant to pressure The systolic blood pressure w'as 129 mm of 
mercury and the diastolic 74 The respiration was costal abdominal and regular 
The skin did not show any abnormalities The lymph glands were not palpable 
The facial expression was natural Sensibility and motility were normal, as were 
the pupillary reflexes The lips showed nothing of particular importance, the 
tongue w T as slighth furred and wet The pharynx and tonsils did not show' any 
change The lungs and heart w'ere normal The abdomen showed normal swelling 
There w'as no venous congestion, pigment anomalies or edema The region directly 
on the left side of the umbilicus and the left hypochondriac region w'ere tender 
The border of the stomach w'as one fingerbreadth under the ensiform and two 
fingerbreadths abo\ e the umbilicus and right parasternal line The liver was not 
palpable The pancreas w'as palpable four fingerbreadths over the umbilicus and 
was somew'hat tender The right kidney was barely palpable The cecum, 
appendix, ascending, transversal, descending and sigmoid colons were palpable 
The left side showed more or less tenderness The extremities w'ere normal in 
general The tendon reflexes w'ere exaggerated The urine w'as yellowish, clear 
and alkaline with a specific gravity of 1 007 and it did not contain protein, sugar, 
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acetone bodies, bilirubin or urobilin There was a trace of urobilinogen and 
indican The sediment did not show any abnormalities Parasites’ eggs were not 
detected in feces The Weber blood test of the feces was negative, but the Adler 
and Boas tests were weakly positive The stomach contents were collected frac- 
tionally after a test breakfast and were found to be normal (free hydrochloric 
acid 45 and total acidity 66 one hour after the test breakfast) 1 he duodenal 
contents were examined on Nov 19, 1926, and the total tryptic efficiency was 
10 9 kilo-units , amylolytic, 26 4 kilo-units, and lipolytic, 10 5 kilo-units , i e , the 
efficiency of the three enzymes was diminished The highest activity of trypsin 



Enzymatic efficiency of the duodenal return in diabetes mellitus The star 
indicates cancer of the pancreas 

was 320 units, of amylase 931 and of lipase 400 , i e , there was a decrease in the 
tryptic and lipolytic activity The blood count showed 4,576,000 red blood cells, 
68 per cent hemoglobin and 7,600 leukocytes, of which 61 6 per cent were poly- 
morphonuclear neutrophils, 32 4 per cent, lymphocytes and 6 per cent mononuclears 
Roentgen-ray examination of the intestine showed an enormous accumulation of 
gas in the left flexure and descending colon The pain in the left hypochondriac 
region was attributed to this distention by gas, so that the patient was treated 
intensively for constipation, but without effect Moreover, we could feel a tumor 
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10/27/26 

Alcohol 

42 S 

SOO 

500 

500 

347 

1047 

1393 

1953 

1017 

775 

232 

276 

53 6 



500 






1029 





11/ 3/2G 

Ucohol 

57 7 

500 

500 

100 

510 

438 

30S 

1250 

624 

300 

271 

274 

644 



200 

500 

50 




426 

1150 

100 
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Alcohol 

46 0 

320 

SOO 

1250 

300 

525 

621 

423 

S60 

1250 

15 0 

19 9 

391 



500 






560 
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Alcohol 

770 

320 

500 

320 

928 

1702 

778 

390 

295 

430 

24 5 

828 

26 3 



320 

320 

200 

1562 

1257 

804 

190 

222 

380 
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Alcohol 

25 2 

50 

500 

£00 

2418 

1774 

1842 

120 

1425 

5300 

07 

539 

298 



320 

200 


2404 

1310 


350 

940 
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Alcohol 

925 

1250 

1250 

2000 

1004 

1094 

1432 

4050 

1390 

5900 

110 8 

914 

3279 



800 

£00 


694 

795 


2650 

596 





11/13/2G 

Alcohol 

1010 

0 

5 

5 

51 

04 

146 

70 

£72 

280 

0 42 

86 

35 



5 

5 

2 

59 

13 

73 

596 

228 

340 
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23% mag- 

111 5 

0 

20 

0 

0 

47 

3 

2 

135 

100 

0 69 

20 

62 

nesium sul 
plnte, 50 ce 


S 

20 

0 

29 

42 

45 

20 

150 

180 
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5 
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18 
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10 

11 
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0 

59 

90 

121 

25 

22 

14 

124 
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35 
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5 

25 

82 

84 

125 

23 

21 

19 
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Alcohol, 

141 5 

0 

0 
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120 

61 

— 

17 

19 
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79 

32 
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31 


23 

25 
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Alcohol 

109 5 

0 

5 

5 

23 

39 

71 

27 

13 

25 

038 

G 5 

27 







60 



10 





37 

1/25/27 

0 2 % hy- 
drochloric 
acid, 30 cc 

176 5 

5 

0 

5 

59 

104 

58 

23 

12 

18 

081 

110 
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Ao 

96 0 

10 

0 

0 

15 

4 

11 

8 

4 

3 

028 

11 


1/ S/27 

Alcohol 

118 5 

200 

500 

500 

40S 

1027 

740 

238 

780 

1904 

42 2 

5S2 

756 




200 

500 

500 


1025 

558 

220 

570 

632 



245 3 

2/ 8/27 

Water 

159 0 

500 

500 

500 

1706 

10S5 

1603 

1125 

1090 

1590 

79 5 

2334 

3/1S/27 

Iso 

36 0 

100 

100 

200 

379 

634 

249 

280 

1260 

5SS 

49 

12 8 

264 

3/20/27 



0 

320 


92 

Gil 


408 

2024 




318 

Insulin, 

It units liy- 

59 0 

0 

100 

320 

175 

454 

295 

— 

145 

435 

74 

1G7 




podcnni 















c illy 













582 

4/13'27 

Water 

122 0 

320 

500 

£00 

2083 

2029 

2101 

104 

210 

9S4 

67 7 

253 3 

4/20/27 

Water 

154 5 

500 

500 

500 

1353 

1675 

1353 

1204 

1357 

2544 

666 

218 7 

278 0 

5/31/27 

Ao 

59 5 

320 

320 

320 

1091 

1207 

1030 

139 

230 

330 

18 9 

682 

126 


6 / 1/27 

W iter 

£0 0 

00 

60 

so 

431 

384 

2o5 

13S 

48 

60 

54 

284 

67 

0/17/27 

W iter 

7G0 

50 

40 

60 

377 

293 

377 

258 

100 

85 

38 

266 

* 10 8 

6/10/27 

Wotei 

70 5 

10 

320 

200 

208 

439 

551 

66 

25 

14 

13 6 

294 

23 

6/15/27 

Xo 

55 6 

10 

200 

10 

43 

373 

423 

2S4 

960 

320 

61 

17 0 

349 

7/ 2/27 

Xo 

42 3 

160 

160 

400 

867 

1360 

990 

804 

915 

1806 

121 

437 

564 

6/10/27 

Ao 

GOO 

200 

200 

0 

554 

395 

113 

1640 

54G 

200 

24 1 

603 

2021 




500 

0 

200 

936 

56 

511 

1190 

310 

2400 



273 

G/22/27 

Xo 

70 5 

200 

500 

500 

510 

900 

1084 

140 

200 

4S0 

32 2 

6 S 6 

9/ 9/27 

Water 

850 

100 

50 

250 

1054 

854 

1405 

32 

54 

19S 

10 7 

930 

66 

9/30/27 

Water 

74 9 

100 

0 

250 

70S 

592 

13S2 

148 

37 

140 

15 9 

95 9 

ICC 

9/23/27 

Water 

102 0 

100 

250 

160 

402 

21S7 

930 

115 

100 

465 

15 2 

930 

180 

9/27/27 

Water 

106 0 

500 

1250 

1250 

2273 

2313 

2442 

468 

1130 

1550 

107 0 

249 9 

1170 

11/ 4/27 

Water 

63 0 

200 

0 

320 

1290 

890 

1538 

275 

85 

400 

141 

84 3 

189 

11/19/26 

Alcohol 

34 5 

320 

320 

— 

901 

931 

— 

280 

400 

— 

10 9 

26 4 

10 5 


*• In tins table, d indicates male, 9 , female 
f Cancer of the p increas 

J Tlie eases, in which two degrees of enzymatic activity are shown, mean that every half hour collec 10 
were estimated separately 

7 Alcohol, 10% solution, 30 ce , water, 30 cc 
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0100 

0 531 

— 

80 

+ 

Severe 

1 

48 7 

Restricted 

0 

33 0 
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13 

0100 

0 208 

, 

70 



Severe 

1 

30 0 

Restricted 

90 

35 5 


4 2 

0 114 

0 201 


77 

(++) 

Severe 

1 

717 

Restricted 

210 

37 3 






f4~M 1 






20 0 


04 

0100 

0 440 

— 

0 3 

— 

Severe 

11 

53 8 

Restricted 

150 


15 5 

0101 

0 381 

2 0 

7 0 

C++) 

Severe 

5 

11 0 

Free Plenty 


+ Retinitis diabetica, 
nephritis, neuralgia 

92 

0150 

0 300 

— 

20 

Severe 

1 

78 2 

Restricted 

180 

18 0 

+ Cholecystitis 

01 



— 






Restricted 

180 

38 0 


00 



__ 






Restricted 

ISO 

18 0 


13 2 



0 0 






Restricted 

380 

58 0 


13 0 

0 111 


— 






Restricted 

270 

40 0 



131 

0 4 

o2 1 
113 

0 22? 

0 107 

11 

39 

C++ to 

•Severe 

0 7 

01 7 

191 

Restricted 230 

Restricted 250 

Restricted 250 

Free Plenty 

40 0 

40 0 

10 0 


a9 3 

0 205 

0 501 

7 0 

98 

Severe 

03 

40 C 

Tree Plenty 

Ca 37 0 

a- Jaundice 

00 

0 227 

0 310 

4 1 

8 7 

— 

Severe 

08 

43 5 

Free Plenty 

32 0 


11 5 

11 3 

% 

0 300 

0 315 

2 5 

07 

— 

Severe 

8 


1 rce 

20 '0 0 

a- Pulmonary tuber- 
culosis 

18 3 

0 104 

0103 

— 

30 7 

— 

Mild 

1 

51 7 

Restricted 480 

31 8 


08 

0170 

0 415 


3 0 


Severe 

2 

504 

Restricted 240 

19 0 

Catarrhal jaundice 

In 12 years, + pul 
monary tuberculo- 
sis, exophthalmic 
goiter 

1 3 

02 

0110 

0 220 


4 0 


Mild Ca 

3 

17 0 

1 ree Plenty 


+ rxopbthalmic 
goiter, periodical 
paralysis 

79 

0 202 

0 504 

— 

77 

+ 

Severe 

05 

38 7 

Restiictcd CO 

38 0 


05 

35 

0 123 

0191 

— 

4 8 

— 

Mediocre 

02 

13 1 
41 0 

Restricted 300 
Restricted 470 

40 5 
47 8 

+ Tssentlaltbrombo- 
penia 

19 9 

0 311 

0 498 

99 

150 

C++) 

+ + 

C++4 ) 

Severe 

1 

27 7 

Free 810 

51 9 

18 7 

90 
14 8 

0 315 

0180 

0 440 

0 5 

07 

Severe 

Mild 

2 

351 

41 4 

Ftcc 780 

I+ec Plenty 

Ca 35 7 

Ca 20 0 

+ Ncplirocirrliosls, 
arteriosclerosis 

48 

0 097 

0 227 

— 

3 0 

— 

Mild 

1 

53 8 

Restricted 600 

41 3 


412 

0 085 

0 2/12 

- 

04 

— 

Mild 

0 7 

42 7 

Restricted 900 

37 4 

Cbolclitblasfs 30 yrs 

130 

0134 

0 293 

— 

57 

— 

Mediocre 

6 

495 

TTee Plenty 

Ca 28 0 

a- Pulmonary tuber- 
culosis 


it The marks in the brackets show that the dlacclic acid reaction became positive sometime during the 
course of observation 

, 8 5 c ‘? tr I ct: ? d dlet { , in addition to rice, consisted of foods poor in carbohydrates such as eggs, beef, calf, 

fowl, fish, butter, cabbage, spinach, milk, tofu, tofukara and aburagt so that the amount of the rice may be 
seen ns the measure of carbohydrate permitted 
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under the arch of the left rib inside of the nipple line, so that we decided to try 
an exploratory laparotomy On December 1, operation was performed by Professor 
Shioda, who found a cancer the size of a goose egg at the tail of the pancreas 

In this case, theie was a distuibance of the external secretion of the 
pancreas, while the internal secretion was normal 

The foregoing cases show a lepiesentative distuibance of the pan- 
el eatic function In the hist case (case 6), there was a seveie dis- 
turbance of both the internal and the external secretion, which showed 
that theie was general involvement of the panel eas In the second case 
(case 10), there was a severe disturbance of the internal secretion while 
the external secietion was noimal, and the autopsy proved that the acinar 
cells lemamed almost intact while the insulai cells were extiemely 
atrophied In the third case (cancer of the pancreas), the internal 
secretion was still sufficient to maintain the noimal legulation of 
metabolism of sugar, while the extei nal seci etion was greatly diminished 
Any functional disturbance of the pancreas might be giouped with one 
of these three foims, between which theie aie numeious transitional 
t)pes 

Insulin usually causes active external secretion of the pancreas, 
inci easing both the amount and the enzymatic activity when marked 
h) poglycemia develops In two cases of severe diabetes (cases 6 and 9) 
with severe disturbance of the extei nal secretion, we found almost no 
inci ease m one case, and only a slight increase in another case Perhaps 
the stiuctuial alterations had alieady piogressed so fai that the cells 
which were still active were too few to react to stimulation 

COMMENT 

In view of the foregoing obseivations, it is intei estmg to discuss the 
significance of the lesults obtained by oui three hour method of cal- 
culating the total enzymatic efficiency As already noted, moie than 
one half of the cases (about 70 per cent) showed a diminution m the 
total efficiency of one oi more of the pancreatic enzymes, the peicentage 
of abnoimality of the enzymatic activity was somewhat less (about one- 
half) The deviation of abnoimalities m these two standaids depends 
mainly on the fact that the duodenal leturn was small in some cases 
It is possible that m some cases the enzymatic activity may be high when 
the secietion is scanty This has been proved by our three hour method 
The distuibance in the pancreatic function is manifest by diminution 
eithei of the enzynnatic activity'’ oi of the amount of panel eatic juice, oi 
of both The method m which only the enzymatic activity is used to 
determine the efficiency' of the pancreatic function does not include the 
two latter factors On the other hand, it is also possible for a profuse 
secietion of the pancreas to be diluted by saliva, gastric juice and biliary 
secietion so that the enzymatic activity is lelatively low Jones, Castle, 
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Mulholland and Bailey noted the striking fact that the amyl oly tic activity 
was apparently diminished m only 9 per cent of the cases, whereas the 
proteolytic activity and the lipolytic activity showed definite reductions 
below the minimum normal level m over a third of the cases The same 
striking fact was confirmed in our cases, amylolytic efficiency being dimin- 
ished m only one third of the cases, whereas proteolytic and lipolytic 
efficiency shoved reductions below the minimum normal level in over 
one half of the cases Just why there should be a dissociation of these 
ferment actions would be extremely interesting to know, at present, 
however, we cannot offer a reasonable explanation At least this dis- 
turbance cannot be attributed to the improper digestion of fat and protein 
in diabetes melhtus In other conditions than diabetes, we could also 
find the same striking feature when disturbances of the enzymatic 
activity occurred It is definitely proved that amylolytic activity is 
usually maintained with more extraordinary tenacity than the other two 
ferments 

That the severity of the diabetes does not necessarily run parallel to 
the degree of disturbance of the external secretion has already been men- 
tioned Some cases showed severe disturbance of both the internal and 
the external secretion of the pancreas, whereas others showed marked 
disturbance only of the internal secretion while the external secretion 
remained normal There are also diseases m which the internal secre- 
tion is sufficient to maintain the normal regulation of metabolism of 
sugar, whereas the external secretion is markedly disturbed Represen- 
tative cases of these three forms are described in the foregoing case 
reports 

It is well known that marked undernutrition, with the resulting loss 
of weight, is accompanied by changes in the size and function of the 
pancreas The majority of the patients included in this series, however, 
were not extremely emaciated and previous to the examination ingested 
over 30 calories per kilogram of body weight per day The lowest 
figures for enzymatic activity 7 were not necessarily found m patients who 
were strikingly underweight In this connection, we agree with the 
observations of Jones and his co-workers, who also emphasized a marked 
increase m the elimination of the bile pigment in diabetes melhtus 
Unfortunately, as far as the elimination of bilirubin was concerned, we 
could not confirm these data 

Jones and his co-workers noted that 19 per cent of their patients 
showed the characteristic symptoms of cholelithiasis In our twenty-one 
cases, we could confirm a history of jaundice m four cases (19 per cent) , 
in two of the cases (cases 12 and 20) cholecystitis or cholelithiasis devel- 
oped a long time before the diabetes occurred, m one case (case 8), 
cholelithiasis and diabetes were associated and in another ( case 6) the 
cholecystitis apparently appeared during the course of the diabetes 
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Considering the historical data caief ully, we hesitate at present to accept 
the etiologic role of gallbladder disease m these four cases 

Two patients in the series had a history of exophthalmic goiter, one 
patient (case 12) showed scarcely any symptoms of this disease when 
examined, whereas another (case 13) showed typical and severe symp- 
toms of exophthalmic goiter, accompanied by periodic paralysis The 
lattei case is especially interesting The glycosuna showed the highest 
percentage noted foi thyiogemc glycosuria (highest urinary sugai, 46 
pei hundred cubic centimeters) It is well known that periodic paral- 
ysis is often accompanied by glycosuria and is considered by some 
authors (Lundborg, Shmosala and others) as the manifestation of 
imolvement of the parathyroid gland (hyperfunction) On the other 
hand, m exophthalmic goiter a special anatomic change in the pancreas, 
m both the acmous and the insular tissues, is noted In this case, theie- 
fore, it seems difficult to decide whether the disturbance m the regulation 
sugai metabolism might be attributed to the pluriglandular involvement 
oi to the panel eatic damage The activity as well as the efficiency of the 
three pancreatic ferments, however, showed a marked decrease, so 
that the disturbance seemed to be due mainly to a general involvement 
of the pancreas associated with pluriglandular disease 

It is striking that the oldei patients showed almost all abnormalities 
of enzymatic efficiency of one or moie of the enzymes It is probable 
that some serious damage to both the insular and acmous cells (fibrosis 
and cellulai degeneration or sclerosis) was the cause of the abnormalities 
in these cases 

SUMMARY 

1 An unselected gioup of twenty-one diabetic patients was examined 
accoiding to our newly devised method for evidence of alteration m the 
pancreatic activity The total proteolytic efficiency as determined m 67 
pei cent of the thiee hour specimens showed amylolytic efficiency m 33 
pei cent and lipolytic efficiency in 57 pei cent, values below our minimal 
normal limits The efficiency of the three enzymes was within normal 
limits m 29 per cent of the cases , in 24 per cent the activity of all the 
enz) mes was abnormally low From the enzymatic activity the proteo- 
lytic activity was estimated in 43 per cent of the cases, the amylolytic 
actn it) m 20 per cent and the lipolytic activity m 43 per cent , the values 
vere below' our minimal noimal limits In 48 per cent of the cases, the 
activit) of thiee enzymes proved to be within normal limits and m 14 
pei cent, abnormally low The deviation of abnormalities m these two 
standaids depends mainly on the fact that the amount of the duodenal 
return w'as scanty m some cases The disturbance of the pancreatic 
function manifests itself in the diminution eithei of the enzymatic 
activity or of the amount of the pancreatic juice or of both The method 
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in which only the enzymatic activity is used as a measurement of the 
pancreatic function does not take into consideration diminution m the 
secretion of the pancreatic juice or that both the pancreatic juice and 
the enzymatic activity may lie decreased The greatest alterations in 
enzymatic efficiency as well as activity were noted m the proteolytic and 
lipolytic ferments 

2 The severity of the diabetes is not necessarily parallel with the 
degree of disturbance in the external secretion Some cases showed severe 
disturbance in both the internal and the external secretion of the pan- 
creas, whereas others showed a marked disturbance only in the internal 
secretion, while the external secretion lemained normal There are also 
diseases in which the internal secretion of the pancreas is sufficient to 
maintain the normal regulation of metabolism of sugar, whereas the 
exteinal secretion is markedly disturbed Representative cases of these 
three types are described in detail 

3 Old patients showed almost all abnormalities of the enzymatic 
efficiency of one or more of the enzymes It is likely that some serious 
damage to both the insular and acinous cells causes the abnormalities in 
these cases 



THE PREVENTION OF EXPERIMENTAL EXUDATES 
BY THE PARATHYROID HORMONE (COLLIP)* 

HARRY GOLD, MD 

NEW YORK 

The view is commonly held that calcium salts inhibit the formation 
of effusions The hteratme dealing with the expenmental woik on this 
subject seems to indicate that calcium is extiemely effective foi that 
purpose It has not pioved so in clinical piactice m the manner m 
which the calcium salts are generally given In a previous papei, 1 I 
described experiments that confiim the view that the calcium salts inhibit 
the formation of experimental exudates and pointed out some of the 
limitations that might readily vitiate the clinical usefulness of this 
antagonism From that study, it appeared evident that the absolute 
inhibitor)'- effect of the calcium salts is lathei limited, that it depends 
on the dose of calcium and the intensity of the irritation, that an 
extremely laige dose of calcium is necessaiy to inhibit the effects of 
model ate irritation, and that the effect of more intense nutation is 
practically uninfluenced even by fatal doses of calcium 

It was suggested that the failure to obtain moie satisfactory results 
with the use of calcium salts in the prevention of effusions in man might 
be due, m pai t, to insufficient doses of the latter, and the difficulty of pro- 
ducing sufficiently persistent hypercalcemia with calcium salts The 
parathyroid hoimone pioduces hypei calcenna of considerable duration 
m noi mal animals 2 A numbei of leports have appeared, 3 which show 
that the parathyioid hoimone pioduces a diuresis and loss of fluid in 
certain patients with edema The piesent study was undertaken to 
determine if the paiath)ioid hormone will prevent the formation of 
expei imental effusions 

r From the Department of Pharmacology, Cornell University Medical 
College 

1 Gold, Harry On the Prevention of Experimental Effusions by Calcium 
Salts, J Pharmacol & Exper Therap , to be published 

2 Collip, J B The Parathyroid Glands, Afedicme 5 1 (Feb ) 1926 

3 Davidson, J R A Case of Adolescent Myxedema, Accompanied by 
Tetany of Parathyroid Origin, Treated with Collip’s Parathyroid Extract, 
Canad M A J 15 803 (Aug ) 1925 Mason, E H A Case of Chronic 
Nephritis Treated with Collip’s Parathyroid Extract, ibid 16 538 (May) 1926 
Meakins, J C Reaction of Chronic Nephrosis to Thyroid and Parathyroid 
Medication, J A M A 89 149 (July 9) 1927 McCann, W S Diuretic 
Action of Parathjroid Extract-Collip in Certain Edematous Patients, ibid 
90 249 (Jan ) 1928 
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EXPERIMENTAL WORK 

Sixteen experiments were performed on dogs The results are given in 
the accompanying table Pleural effusions were produced by the introduction 
of an irritant (solution of copper sulphate) into the pleural cavity by means 
of a pleural cannula About twenty-four hours later, the animal was 


Effect of Pat athyi oid Hoi mono on Effusions Pioduccd by Injection of Solution of 
Coppci Sulphate into the Plain al Cavity 



Weight 

of 

Dog 

Copper 

Sulphate 

A 

Per- 
cent- 
age 
Dose of 

Interval 
m Hours Cubic 
^Hollow- Centi- 
mg In meters 
jection of 
of Solu- Pluid 
tion of in 

Dose 

of 

Hor- 

mone 


Kum 

m 

in 

Solu 

- Copper Pleural 

in 


ber 

1 

2 

3 

4 

5 

G 

7 

Kg 

3 40 

0 50 

9 30 
854 

8 08 

4 90 

8 30 
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1 

1 

1 

2 
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tion Sulphate Cai ity 

1 24 2 

1 24 2 

1 20 90 

1 20 115 

1 29 150 

1 20 151 

1 22 170 

Units 

Remarks 

1 

038 

2 

1 

24 

0 

150 

Hormone in 3 doses of 50 units each, 
first dose 5 hours before injection of 
solution of copper sulphate, nausea 

2 

9 00 

1 

1 

20 

0 

200 

Hormone in 4 doses of 50 units each, 
first dose 15 hours before injection of 
solution of copper sulphate, animal 
was depressed and vomited 

3 

800 

1 

1 

22 

0 

100 

Hormone m 2 doses of 50 units each 
first dose 13 hours before injection of 
solution of copper sulphate, vomiting, 
diarrhea, scrum calcium, 16 5 mg , 
animal appeared normal the following 

Yn a m in rr 

4 

000 

1 

1 

24 

0 

50 

Hormone in 1 dose 10 hours before mjee 
tion of solution of copper sulphate, 
slight depression, serum calcium, 19 4 
mg , appeared normal the following 

Tr» rvvninrr 

5 

4 82 

1 

1 

24 

23 

150 

11IU1I1IIJ& 

Hormone in 3 doses of 50 units each, 
first dose 5 hours before injection of 
solution of copper sulphate, animal 
normal 

6 

10 94 

2 

1 

20 

2G 

150 

Hormone in 2 doses, first 100 units 
15 hours before injection of solution 
of copper sulphate, vomited other 
wise normal, pneumonia after injec 
tion of solution of copper sulphate, 
serum calcium, 18 mg 

7 

5 72 

2 

1 

20 

30 

200 

Hormone in 3 doses of 100, 30 and 50 
units, first 100 units' 14 hours before 
injection of solution of copper sul- 
phate, vomited, animal normal the 
following morning 

8 

3 50 

1 

1 

44 

44 

50 

Hormone m 1 dose 4 hours before injec 
tion of solution of copper sulphate, 
animal normal 

9 

7 30 

2 

1 

21 

110 

100 

Hormone in 2 doses of 50 units each, 
first dose 14 hours before injection of 
solution of copper sulphate, normal, 
serum calcium, 12 5 mg 


anesthetized, the chest was opened and the pleural fluid was removed and 
measured Seven animals were used for control experiments In these, there 
was scarcely any external evidence of disturbance, even when the pleural 
cavity contained as much as 170 cc of exudate The remaining nine dogs 
received the parathyroid hormone prior to the injection of the irritant The 
hormone was generally given subcutaneously in several doses at intervals of about 
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two to four hours, the first dose being administered from four to fifteen hours pre- 
ceding the injection of the copper sulphate solution into the pleural ca\it> 
Some animals showed e\idence of the toxic effects of the hormone, such a« 
nausea, \omitmg, diarrhea and depression, the others appeared quite normal 
At the time of the intrapleural injection, the blood calcium was determined m 
four cases By the method of Clark and Colhp, 4 the serum calcium was found 
to range from 12 5 to 194 mg per hundred cubic centimeters of blood 

COMMENT 

The results, as seen in the table, indicate that the parathyroid 
hormone (Colhp), given subcutaneously, diminishes or prevents pleural 
effusions following the intrapleural injection of an irritant (solution of 
copper sulphate ) In the dog, it appears that considerable hypeicalcemia 
is necessan, because the animal (number 9) that had a relatively low 
serum calcium behaved practically the same as the normal control animal 
m response to the irritation 

The observation that ceitam doses of the parathyroid hormone 
inhibit experimental exudates produced by a given kind and degree 
of irritation has interesting clinical possibilities To what extent it 
will pro\e applicable for the prevention of clinical effusions remains 
to be determined by direct observations Its usefulness will almost 
certainly be limited b\ such factors as the cause of the effusion, the 
intensity of the nutation, the degree to which the hormone will produce 
hypercalcemia in man without toxic s> mptoms and the degree of hyper- 
calcemia necessary m man to impair the passage of fluid from the 
circulation into the tissues or body cavities 

414 East Twenty-Sixth Street 

4 Clark, E P , and Colhp, J B A Study of the Tisdall Method for 
the Determination of Blood Serum Calcium with a Suggested Modification, 
T Biol Chem 63 461 (March) 1925 



CONTINUED ADMINISTRATION OF IODIDE 
AND OTHER SALTS 

COMPARATIVE EH LCTS OX WEIGHT AND GROW /'IT OF TIIE BODY ^ 

P J HANZLIK, MD 
E P TALBOT, A B 

AX« 

E E GIBSON, AB 

SAN IP A I. CISCO 

The objections that have been raised against the piolonged 
administration of iodide in small doses are conspicuously unsupported by 
trustworthy evidence The alleged deleterious effects are not clearly 
defined '1 he disturbing effects sometimes attributed to the use of 
iodide or iodine in the treatment for abnormalities of the thyroid may 
be due to the disease and not 1o the iodide With the exception of the 
well known changes in the thyroid gland during hyperplasia and in 
eases of simple goiter and certain changes m the metabolism, impor- 
tant alterations in other organs and functions as a result of small doses 
of iodide have not been demonstrated Marine’s 1 statistical studies of 
clinical data indicate the lack of evidence of the alleged delcteriom 
effects of iodide, and recently Read, Walker and McKcnne> - failed to 
demonstrate any effects on the pulse rate in human subjects observed 
during relatively short periods Clinical data, however, could not reflect 
more than acute or periodic effects A more critical test would be 
administration to animals over long periods under controlled conditions 

Changes in weight and growth of the body reflect the sum total of 
effects on functions of the body, so that objective evidence of this 
character would be important with reference to the iodide action 
under discussion Although the results of such studies may not always 
be easy to interpret, yet if they are definite, they are suggestive, at 
least, and offer a point of depailure for further study of specialized 
functions Studies of the action of iodide over long periods along these 
lines have not been made previously Clinically, they would be imprac- 
ticable, but experimentally they are feasible with small animals During 
the past four years, we have carried on such studies on rats and have 
observed the effects of iodide and other salts during from about one 

*From the Department of Pharmacology, Stanford University School of 
Medicine 

1 Marine Medicine 6 127, 1927 

2 Read, Walker and McKenney Proc Soc Exper Biol &. Med 24 322, 

1927 
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seventh to seven twelfths of the life span of these animals The results 
obtained aie interesting and sufficiently conclusive to warrant a report 
The effects of the other salts were found to be in marked contrast to 
those of the iodide, thus emphasizing the distinctiveness of iodide, which 
was found to be beneficial and at least not harmful Our results 
corroboiate and correlate with interesting and important lesults from 
small doses of iodide leported in the hteiature of vetennary medicine 

METHOD 

Four experiments were made with rats on a complete diet, one yearly dur- 
ing four successive years, from 1925 to 1928 inclusive, and one experiment with 
rats on a deficient diet This provided ample opportunity for testing the validity 
of the results on different strains of rats, during different seasons, and for 
extending the comparisons to other salts Only males were used, the groups 
for each experiment being from the same litter as much as possible The num- 
ber of animals in the different experiments ranged from three to five in a group 
for each salt and control, this is indicated in the accompanying charts The 
groups on medicated food were always accompanied by control groups on 
untreated food All experiments were started with young animals of equal weight 
(about 40 Gm ) The animals were weighed twice weekly throughout the experi- 
ments The diet used was the modified adequate or complete diet of Osborne and 
Mendel, as used by Dr Thomas Addis of the department of medicine, 3 1 Kg of 
which contained cornstarch, 440 Gm , casein, 160 Gm , lard, 140 Gm , yeast, 100 
Gm , ground alfalfa, 20 Gm , cod liver oil, 109 cc , and the salt mixture of Osborne 
and Mendel, 4 40 Gm , this salt mixture contains about 0 0032 per cent of potassium 
iodide The medicated foods were prepared by first dissolving the salt in a 
suitable small volume of water and then incorporating it with the food The 
foods were dispensed in fared porcelain cups , water was provided liberally 
The concentrations and doses of the salts varied 

Sodium iodide (dry) was used in a concentration of 0 01 per cent, which 
corresponded to about 1 mg daily per rat or about 3 3 mg daily per kilogram 
throughout the major part of the life of the rats This dosage of iodide would 
correspond to about 023 Gm {Z l / 2 grains) daily for an adult of 70 Kg and might 
represent the daily amount used during a course of medication with iodide for 
the prevention of simple goiter, and that used m the treatment for toxic goiter 
and for chronic inflammations such as bronchitis, asthma and arthritis, but would 
be sereral times greater than the daily dose of iodide used in the form of iodized 
table salt 

The equivalent concentration of sodium sulphocyanate was 0 007 per cent, and 
of sodium bromide, 0 0054 per cent, the daily doses per rat of these salts being 
about 0 6 and 0 5 mg, respectively, and the daily doses per kilogram probably 
not over 2 mg of each These doses were chosen for comparison with iodide on a 
chemical basis The median daily consumption of the sulphocyanate food was 
about 10 per cent less than that of the iodide, and of the bromide food about 2 2 
per cent less 


3 Dr Addis provided generous supplies of this diet, the details of this and 
other diets and the methods of handling rats are given in the paper of MacKay and 
MacKay (Am J Physiol 83 179, 1927) from his laboratory 

4 Osborne and Mendel J Biol Chem 37 557, 1919 



HANZLIK BT AL— ADMINISTRATION OF IODIDE 581 

Arsenic was used as the official Fowler’s solution (liquor potasn arsenitis, 
U S P ), the concentration m food coriesponding to 0 01 per cent of arsenous 
oxide, the daily dose per rat was about 076 mg of arsenic trioxide estimated on 
the basis of a median consumption of S Gm of food daily, and the daily dose per 
kilogram was not more than 2 5 mg , therefore, about three-quarters the dosage 
of iodide and nearly the equal of the doses of sulphocyanate and bromide This 
dosage would be toxic for man, being the equivalent of 175 mg or nearly 3 
grains for a man weighing 70 Kg , this dosage is known from Sollmann’s work 0 
to cause a definite loss of body weight in rats The rats on arsenical food ate 
about 20 per cent less than those on the control and iodide foods The dosage of 
manganese (as sulphate) in the experiment with the dietary for rickets was the 
same as that of arsenic 

Sodium borate was used in a concentration of 0 014 per cent which was ten 
times that necessary for plant growth found by Brenchley, 5 6 the daily dosage per 
rat was 1 12 mg and the dose per kilogram per day about 3 7 mg , that is, nearly 
the same as that of iodide This, much or more would be ingested daily in pre- 
served food The consumption of borated food was 10 per cent less than that of 
iodized food, le, a median of 84 Gm per day 

Thallium acetate was used in a concentration of 0 0014 per cent , the daily 
dose per rat was about 0 11 mg, or about 045 mg per kilogram per day, the con- 
sumption of the thallium food was 16 per cent less than that of the control and 
iodized foods, and the animals died before maturity This dose has been found 
by Buschke and Peiser 7 to cause definite effect^ m rats 

The tesults are presented in charts 1, 2, 3, 4 and 5, each of which 
gives the data on body weight and food consumption of an expenment 
The curves repiesent median values at the end of each month, although 
weekly records m each experiment had been made throughout the 
work Weekly recoids, however, were too unwieldy for reproduction 
and did not give more mfoimation than the monthly records It will 
be understood that the values relating to changes in body weight, food 
consumption, etc , in the text all represent medians which were derived 
from tabulations Charts 1, 2, 3 and 4 represent the lesults of experi- 
ments with salts m complete diet, and chait 5, m a rachitic diet 

IODIDE 

Collectively, the experiments made show two mam results with 
reference to iodide, (1) an increase in weight or growth of the body 
sometime during the course of ingestion of the iodized food as com- 
pared with the controls on unmedicated food, (2) m contrast with this 
effect of the iodide and generally with the controls, a reduction m 
the body weight and growth aftei medication with all other salts These 
results hold for the majority, or four, of the five experiments made 

5 Sollmann J Pharm & Exper Therap 18 43, 1921 

6 Brenchley Inorganic Plant Poisons and Stimulants, ed 2, London, Cam- 
bridge University Press, 1927 

7 Buschke and Peiser Kim Wchnschr 5 9 77, 1926 
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The increases caused by the iodide were variable, although during 
the course of an experiment they would be consideiable for seveial 
months at a tune This can be seen from the accompanying charts 
An approximate figure for all groups during the periods of observation 
made would be an increase of about 10 or 15 per cent The importance 
of this figure lies in the facts that it represents an increase over con- 
siderable periods (months) knd that the absolute increase would be 
important in practice during short or long periods, when transferred 
to man and larger organisms 

The actual values from the tabulations of our data on rats were as 
follows In the majority, or three, of the four experiments made with 
the rats on complete diet, iodide increased the body weight from 6 to 
25 per cent An increase of 9 per cent was observed in the gioup of 
lats obseived during twenty -one months (chart 1) , a 6 per cent increase 
in the group observed during twelve months (chart 2), and an increase 
of 25 per cent m the group observed during five months (chart 4) 
The rats of each of these three groups which had received iodide ate 
the same amount of food as their controls on untieated food, namely, 
10 Gm , 9 1 Gm , and 7 Gm , respectively Apparently, therefore, the 
increases m body weight occurred independently of food consumption 
Only one group of rats (chait 3) showed a loss of 7 pei cent in bod) 
weight during seven months’ observation, but their daily food con- 
sumption was 6 per cent less than that of their controls This suggests 
that the diminished food consumption caused the difference m response 
to iodide from that of the majority of the rats These rats giew less 
because they ate less The diminished eating indicated some abnor- 
mality This is not ascnbed to an abnormality of the appetite due to 
the iodide, because the appetites of the majority of the lats showing 
increases in weight (positive experiments) were not affected 

Iodide m Rats oil Deficient Diet — Iodide was compared with 
arsenic and manganese in rats on the diet of Sherman and Pappen- 
heimer s used for the production of experimental lickets, m connection 
with some other expeiiments The lesults were interesting, because 
the iodide show ed the usual difference from arsenic and also a dif- 
ference from manganese The iodide exerted a beneficial effect on 
giowth and duration of life, while the rats receiving aisenic and 
manganese showed greater losses of weight and earlier deaths than the 
rats given iodide and the control lats Chait 5 illustrates the course of 
events in these rats 

Experiments with other deficient diets w r ere not made because of 
the erratic results obtained The only agent observed to have bene- 

8 Sherman and Pappenheimer Proc Soc Exper Biol & Med 18 193, 

1921 



HANZLIK ET AL— ADMINISTRATION OF IODIDE 


Median Body weight 


/ \ 

/ 

/ '' 1 y\ 





COHTROV 

loDIDl 

A* true 


v tW*N T CCD Co** T*e 



loro 


4 K n 10 H I H \$ Vi \t 11 XO 


Chart 1 — Iodide and arsenic in rats on complete diet , three rats to a group 
(experiment 1) In all the charts, control rats were on the same bnt unmedi- 
cated diet 
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Chart 2— Iodide, arsenic, bromide, sulphocyanate and thallium in rats on 
complete diet, five rats to a group (experiment 2) 
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Chart 3 — Iodide and borate in rats on complete diet, five rats to a group 
(experiment 3) 



Chart 4 — Iodide in rats on complete diet, four rats to a group (experiment 4) 
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ficial effects m rats on a gi owth-deficiency diet was butylamme in 001 
per cent concenti ation added to the food This amine also caused an 
occasional spectaculai lecoveiy when an injection of it was made into 
pigeons which were monbund as a lesult of a polyneuntic diet 
(polished rice) The variable moitahty, the intervention of infections, 
etc , m animals on deficiency diets made it difficult to interpret the 
results In any case the lesults on complete dietaiy aie of gi eater 
importance m the present connection 

It may be concluded that iodide in continued small daily doses in 
food ovei long penods causes moderate though vanable mci eases m 
body weight, and that it does not impair giowth except occasionally 
when the food consumption may be less In contrast with these actions 



Chart 5 — Iodide, arsenic and manganese in rats on rachitic dietary , three rats 
to a group (experiment 5) The controls were on an unmedicated rachitic diet 

of the iodide weie the detiimental effects of a number of othet salts, 
which seived as fuithei conti ols on the iodide since they were pro- 
duced simultaneously in the diffeient gioups of rats 

OTHER SALTS 

The results with the other salts weie sufficiently intei estmg to be 
worthy of a sepaiate and brief summary, according to each salt The 
doses weie given in the first part of the paper 

Sulphocyanate — In many respects, sulphocyanate is chemically and 
phai macologically close to iodide, but the effects on body weight weie 
the opposite, causing a reduction of 10 pei cent The daily consump- 
tion of food was also i educed 10 per cent, and this probably explains 
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the corresponding loss of body weight, just as m the case of the iodide 
m experiment 3, which has already been discussed 

A 1 ! seme — Used as the official liquoi potassu arsemtis (Fowler’s 
solution) during twenty-one months in expenment 1 and during twelve 
months m experiment 2, arsenic caused losses in body weight of 20 and 
10 per cent, respectively, the dally food consumption was reduced 
about 22 pel cent (expenment 1) and 10 per cent (experiment 2) 
Here, again, the diminished food consumption explains the retarded 
growth of the animals Two of the rats in experiment 2 died at the 
end of four months and ten months Our results with arsenic 
generally confirm those of Sollmann 5 on chronic intoxication with 
arsenic trioxide, their mam importance m the piesent connection being 
as controls of the geneial technic and response of the rats used along- 
side of their pai tners receiving iodide, thus indicating the conectness of 
our results with the latter 

Borate — Used as sodium borate during seven months, this salt 
caused a median loss of 17 per cent in body weight The daily food 
consumption was reduced somewhat less, i e , 10 per cent , but would 
practically account for the loss of growth Rats of the same litter 
receiving iodide at the same time showed losses of only 7 per cent m body 
weight, and only 6 per cent in food consumption This indicates that 
the borate was more detrimental than the iodide, the latter being more 
favorable to giowth, under the otherwise unfavorable circumstances of 
reduced food consumption by the same group of rats The results 
with the borate confirm what is known from other sources about the 
detrimental effects on health from continued use of borated food 

ThaJlnim — The most toxic of all the salts was thallium All five 
rats died suddenly at the end of four months, and all had showed the 
typical depilatory action at the end of six weeks, after the beginning 
of the admimstiation When one considers the severe effects produced, 
the changes m body weight and food consumption appeared proportion- 
ately small, but there may have been greater effects on specific func- 
tions or organs Body weight was decreased 13 per cent and food 
consumption 16 per cent Here, again, the lowered food intake could 
explain the nearly corresponding decrease m body weight or deficient 
growth The sudden fatal termination was rather striking The gen- 
eral appearance of the rats just before death was good, but the mor- 
bidity may have been greater than could be judged from external 
appearances The depilatory and general injurious actions claimed by 
Buschke and Peiser 7 and others are fully confirmed As a hair- 
remover, the drug should be used cautiously, if at all The results 
obtained with thallium served the usefulness of still another control on 
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the iodide action, for the rats of the same litter treated with iodide 
showed an increase of 6 per cent in body weight 

Bromide — Sodium bromide caused a loss of 11 per cent in bod} 
weight but only 2 2 per cent m food consumption, suggesting that the 
diminished food intake was not wholly responsible for the greater loss 
in body weight This haloid acted as a control for the iodide from the 
chemical standpoint Pharmacologically, it acts differently Whether 
the small daily doses employed could saturate the brain sufficiently so 
as to give some degree of depression (hypnotic action) is not known 
The experiment lasted seven months, a period which is certainly long 
enough for saturation Iffowever, lethargy or narcosis m the animals 
was not observed at any time 

It may be concluded that the chemically or pharmacologically related 
ions, sulphocyanate and bromide, in small continued doses correspond- 
ing to those of iodide cause opposite effects from iodide on body weight 
and growth of healthy rats on a complete diet, namely, a depression, an 
effect also caused by small, continued doses of arsenic, borate and thal- 
lium, and also by manganese m rats on a deficient diet Thus, the 
action of these salts is m strong contrast to that of the iodide 

COMMENT 

The results that we obtained with small doses of iodide agree 
with the augmentor effects on growth and correlated functions of 
similar doses observed by others Our results corroborate those of 
Macela 0 on rats Macela found that daily doses of 0 2 mg of sodium 
iodide added to food caused faster gains m body weight than among 
controls , the treated rats also showed a more rapid sexual dev elopment 
The results agree with those of Evvard and Culbertson 30 on pigs 
receiving food containing 0 01 per cent potassium iodide, the pigs 
receiving medicated food gained an average daily increase of 10 per 
cent in body weight, thus indicating the economic possibilities of iodide 
for feeding livestock Increased growth of yeast treated with low con- 
centrations of iodide (from 0 001 to 0 5 per cent) has been reported by 
Scharrer and Schwartz 11 

The results obtained correlate with the lasting depressant effects of 
small doses (from 0 5 to 10 mg ) of iodide on the metabolism of rats 
observed by Hildebrandt , 12 large doses gave the opposite effect 
Depressant effects of small doses of iodide on metabolism in man 

9 Macela Cas lek Cesk 64 1551, 1925 

10 Evvard and Culbertson Research Bulletin of Iowa Agricultural Experi- 
ment Station 80 183, 1925 

11 Scharrer and Schwartz Biochem Ztschr 187 . 159, 1927 

12 Hildebrandt Arct f exper Path u Pharmakol 96 292, 1923 
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June been reported by Loewy and Zondek 13 and by Neissei 14 Hence, 
it would appeal that the increased body weight resulting from the 
administration of small doses of iodide was the result of a retarded oi 
depressed metabolism Since the consumption of food was identical 
m our rats receiving iodide and the control rats, the mciease in body 
weight was not due to more eating or a bettei appetite but to a duect 
action of the iodide on the tissues Januschke 15 pointed to iodide as 
being both a sedative and a stimulant according to the dosage oi con- 
centration foi different organisms or tissues, and asserted that small 
doses of iodide (0 5 Gm twice daily) increase the body weight while 
larger doses decrease it That large doses increase metabolism and 
reduce bod) weight has been adequately demonstrated Recently, 
Grabfield 10 concluded fiom his extensive studies of iodide that the 
mci eased metabolism is mediated thi ought the thyioid gland There is 
no reason to invoke this mechanism for small doses of iodide in healthy 
subjects Comparing bromide and chloride with iodide, all in large 
doses, Hesse 17 demonsti ated the greatest increase m the metabolic 
rate of cats, rabbits and dogs with iodide , sulphoc)anate did not 
increase the metabolic late Differences between the bromide and 
sulphocyanate ions were demonstrated also in our work A more 
extensne discussion of the opposite metabolic actions of small and 
laige doses of iodide will be found m a lecent review by Burgi 18 

It is of interest to note that dui mg the past thiee years a numbei 
of investigators 10 have lepoited the beneficial effects of small doses of 
iodide on the production of milk in cattle, a matter of some importance 
m child welfare Daily doses of fiom 1 53 to 3 82 mg m salt oi feed 
given to cows or goats impioved the quality and increased the quantity 
of milk, this milk increased the growth of young lats 20 per cent over 
the controls, although it was claimed to be practically free from the 
iodide ion, it was not haimful to infants Likewise, pigs mused by 
sows receiving iodized food attained a much greater body weight at 
the time of weaning than those of motheis which had not received medi- 

13 Loewv and Zondek Deutsche med Wchnschr 47 349, 1921 

14 Neisser Berl klm Wchnschr 57 461, 1920 

15 Januschke Wein med Wchnschr 76 1498 1926 

16 Grabfield Boston M &. S J 197 1121, 1927 

17 Hesse Arch f exper Path u Pharmakol 102 63, 1924 

IS Burgi Heffter-Heubner Handbuch f exper Pharmakol 3 366, 1927 

19 Stmer Schweiz med Wchnschr 55 670 1925, 57 846, 1927 Strobel 
and Scharrer Biochem Ztschr , 180 300, 1927 Scharrer and Schwaibold 
Biochem Ztschr 180 307, 1927 Strobel, Scharrer and Schropp Biochem 
Ztschr 180 313, 1927 Schwaibold and Scharrer Biochem Ztschr , 180 334, 
1927 Scharrer Ztschr f d ges exper Med 56 677, 1927 ICieferle ICettner, 
Zuler and Hanusch Milchwirt, Fortschr 4 1 , 1927 Maurer and St Diez Bio- 
chem Ztschr 182 291, 1927 
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cation 20 The mci ease m production of milk would appear to be 
intimately associated with the conservation of general metabolic 
processes, but whatevei the mechanism, the collective results cited indi- 
cate that continued small doses of iodide are beneficial to the oigamsm, 
thus emphasizing also the biologic idle of this ion 

CONCLUSIONS 

1 The continued admimstiation of iodide m small daily doses in 
food over long periods (covering fiom about one seventh to seven 
twelfths of the span of life) to rats caused moderate though variable 
increases m weight and growth of the body m the majority of animals 
on complete dietary The same tendency was indicated in rats on a 
deficiency diet 

2 The dosage of iodide employed coi responded to that which may 
be employed under clinical conditions, but was piobably gi eater than 
that used as iodized table salt 

3 In conti ast to the lesults obtained with iodide weie those with 
sulphocyanate, biomide, arsenic, thallium and manganese, as controls, 
under the same conditions, these salts i educed body weight and 
growth, and aisenic and thallium caused fatalities 

4 The results obtained with the iodide corioborate and coi relate 
with interesting and important lesults obtained with small doses of 
iodide reported in the literatuie of veteimary medicine 

5 Hence, there is no teason to believe fiom these expenments 
that the prolonged use of iodide in small doses undei oidinary condi- 
tions is detrimental On the contraiy, the results along vanous lines 
indicate that it is beneficial This would not apply to the continued use 
of iodide m specific conditions of the thyioid, oi to large doses of the 
drug 

20 Weiser and Zaitschek Biochem Ztschr 187 377, 1927 



THE INHERITANCE OF MIGRAINE* 


WILLIAM ALLAN, MD 
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There are few maladies that cause in the aggregate as much suffeiing 
as migraine, and about which so little is known concerning either causes, 
mechanism, prevention or cuie By migiame I mean any headache 
beginning m early life, recurring regularly or irregularly over a long 
period of years, without a discoverable pathologic piocess and without 
materially affecting the general state of health , such headaches are pre- 
dominantly frontal and unilateral and aie accompanied by nausea and 
vomiting, soreness of the eyeballs and scalp and in the majority of 
persons at some tune by flittering scotoma or other sensory symptoms 
The hereditary nature of migraine, since it is the subject of this study, 
has been purposely left out of the definition just given, but any con- 
sideration of the subject will always show that, next to pam in the head 
during attacks, the histoiy of similar attacks in parents and in other 
members of the family is its most constant featuie 

Livemg 1 credited Tissot 2 with being the first to emphasize the 
hereditary factor m migiame, but, as Smith 3 pointed out, its familial 
occurrence had been the subject of comment since the beginning of the 
eighteenth centun Smith reviewed the gradual rise m the figures of 
parental history of migraine from 1858, when Symonds 4 reported that 
44 per cent of migrainous persons gave a history of headache in one or 
both parents During the next half century, Livemg, in 1873, repoited 
50 per cent, Henchen, 5 in 1881, reported 64 per cent, Moebius, 6 in 1894, 
reported 90 per cent and Auerbach, 7 in 1912, reported almost 100 per 
cent In his own ini estigations, Smith found that when he could per- 
sonally inten lew the parents of his migrainous patients, he always found 
migiame in them 

*Read before the Joint Session of the Eugenics Research Association and 
the American Eugenics Society, New York, June 2, 1928 

1 Livemg E Megrim, Sick Headache and Allied Disorders, London, 
J &. A Churchill, 1873 

2 Tissot Traite des Nerfs et de leur Maladies, Boyle’s ed , 1834, p 383 

3 Smith, Jens Om Migraeneus Arvehgheds forhold, Bibliot f Laeger, 
August, 1922, p 310 

4 Sjmonds Gulstonian Lectures, M Times &. Gaz 1858, p 498 

5 Henchen S E Studier oefver Hufondets Nevralgier, Upsala, 1881 

6 Moebius Die Migraine, Vienna, 1903 

7 Auerbach, S Headache translated by E Plavfair, London, Oxford 
Uimersih Press, 1913, p 36 
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Along with this clinical observation pointing towaicl the direct 
inheritance of nngiame, a number of impiessions that do not correspond 
at all with dnect inheritance of any soit have become firmly fixed in 
the literatme of migraine The commonest of these discoidant factois 
is the maiked pi eponderence of women m the vanous senes of case 
leports However, a statistical study 8 of the sex latio in migiame 
shows that men and women aie affected m equal numbeis, making it 
unnecessaiy to piedicate any form of sex linkage 

A second eironeous clinical impiession, often repeated, is that biam 
workers are moie subject to migiame than those who woik with then 
hands A statistical study 0 of the occupations of 400 pel sons with 
migraine failed to show that occupation bore any relation to its incidence 
A third impiession is that m passing fiom geneiation to geneiation, 
migiame may appeal as, oi come fiom, a number of othei conditions, 
langing all the way from cancel and diabetes through the psychoses to 
epilepsy A statistical study 10 of 400 migiainous peisons showed that 
psychoses, psychoneui oses and epilepsy were not any moie frequent 
among migrainous than among nonmigi amous peisons 

Up to the piesent time, few attempts have been made to coi relate the 
obseivations on the familial occurience of migiame with the laws of 
heiedity ongmally discovered by Mendel 

In 1920, Buchanan 11 concluded that nngiame is heieditaiy in accoi- 
dance with Mendel's laws but did not consider the question of its domi- 
nance or lecessiveness His evidence is as follows (a) m 100 fami- 
lies in which one parent was migrainous and which contained 631 
children, 143 (22 66 pei cent) had migraine, ( b ) in 17 families m 
which neither parent was nugi amous and which contained 115 childien, 
30 (26 pei cent) had migiame, this situation can be explained only on 
the assumption that migiame is lecessive, and that all the parents m 
this group weie hetei ozygous foi migiame, (c) m thiee families m 
which both parents were migrainous and which contained fifteen chil- 
dren, all (100 pei cent) had migiame This group might repiesent 
matings of eithei puie dominants oi puie recessives and does not give 
any evidence on the question of dominance Pait of Buchanan’s 
evidence points to nngiame as a lecessive ti ait, and pait of lus data 
does not give evidence eithei way 

8 Allan, W , to be published 

9 Allan, W The Relation of Occupation to Migraine, J Nerv & Ment 
Dis 66 131 (Aug ) 1927 

10 Allan, W The Neuropathic Taint in Migraine, Arch Neurol & 
Psjchiat 18 587 (Oct) 1927 

11 Buchanan, J A The Mendeliamsm of Migraine, M Rec 98 807 (Nov 
13) 1920 
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In 1922, Smith 3 stated (a) that a heieditai} tiait should be more 
prevalent among siblings of the possessor of such a trait than in the 
general population This would vary with the incidence of the tiait in 
the geneial population In the case of migraine, if one uses my figures 
of 60 per cent incidence, the trait should be found in 77 8 per cent of 
the siblings, if dominant, and in 78 7 per cent, if lecessive Thus it 
will be seen that the incidence of migraine in siblings in this study 
could be of value in showing the hereditary nature of the malady but 
not in differentiating between dominance and lecessiveness Smith 
found the incidence in 158 women to be 37, oi 23 5 per cent, and the 
incidence among 133 siblings to be 61, or 45 8 pei cent 

Smith further stated (b) that dnect parental inheritance points 
toward a dominant tiait, but this is doubtful evidence, as it will be 
seen from tables 1 and 2 There will be paiental headache m 100 per 
cent of the instances if it is a dominant trait, oi if headache is recessive, 
accepting the incidence as 60 per cent, there will still be parental head- 



ing 1 — Inheritance of migraine The white areas show migraine (recessive) 
and the black areas, normal (dominant) 

ache in 95 pei cent of the instances (in table 2), one fourth of matings 
5, one half of 6, one half of 8, and 9 giving 60 per cent incidence, one 
fourth of 5 giving only 3, or 5 per cent, without parental headache 
Smith said (c) that the recurrence of headache m four or five suc- 
cessive generations points towaid a dominant trait, but this is not always 
true, for with the incidence of migraine as high as it is, even though it 
were a lecessive tiait, 78 pei cent of the matings among the general 
population would show migiame m both parents and children (table 2, 
matings 6, 8 and 9) 

Smith said ( d ) that if a migiamous person marries twice, each 
mate being nonmigramous yet both sets of children having migraine, 
this points toward a dominant trait But if migraine is recessive and a 
migrainous person should marry two mates heterozygous for migraine, 
half of each set of children would have migraine Under the known 
high incidence of migraine, this would be probable as well as possible 
Smith’s evidence is largely for dominance though partly (b, c and d) 
inconclusive He concluded that migraine is a dominant trait that m 
some way is sex determined 
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The present conception of hereditary traits, based on the original 
laws of Mendel, is that such traits may be inherited as unit characters — 
the tallness of garden peas, foi example, with its opposite shortness 
being the only possibility, as in complete dominance blending of such 
opposed traits does not occur Since the work of Wilson, 12 Morgan 11 
and others, there has been a lational explanation of the physical basis 
of heredity in the packets of chiomatm called genes which compose the 
chromosomes, one chromosome of each pair m any individual being 
denved from each parent Thus if tall and short peas aie ciossed, 
their ofifspi ing will inherit tallness from one parent and shortness from 
the other, and as tallness is dominant m this cioss all of this geneiation 
of hybrids will be tall In the maturation of the germ cells in heterozy- 
gous individuals such tiaits segiegate, half of the germ cells receiving 



Tall 

short 

Tall 

1 

p 


g 

4 


Sperra 


.1. Tall: Tall - (pure Tall). 

2. Tall: short - (hybrid Tall), 
a. Tall: short - (hybrid Tall). 
4. short, short -(pure short). 



Fig 2 — Crossing of hybrid peas, showing chance union of germ cells 


one tiait, the other half the opposite trait Thus, the geim cells of the 
hybrid peas would contain genes for tallness or for shortness in about 
equal numbeis When such hybnds are crossed the chance union of 
the geim cells results, as illustrated in figuie 2 

If migiame is hereditary, the question of dominance or recessiveness 
is the first to arise This is attacked first on the general aspect of the 
data, and later on a statistical basis From a general considei ation of the 
families, the answer is not immediately forthcoming, due to several 
facts First, migraine is a subjective phenomenon which cannot be 
mechanically measuied Second, its allelomorph is not a definite charac- 
tei but is simply the absence of headache There aie headaches of many 

12 Wilson, E B The Cell In Development and Heredity, ed 3, New York, 
The Macmilhan Company, 1925 

13 Morgan, T H The Theory of the Gene, New Haven, Yale University 
Press, 1926 
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sorts, and in any series of headaches thought to be hereditary there 
will be some error in diagnosis Thus the usual criteria of dominance 
and recessiveness — purity of the germ cells of the recessive type, absence 
of recessive offspring when one parent is homozygous dominant, etc — 
are not practicable m this case It is necessary to treat the data statisti- 
cally, comparing the observed figures with the expected results and 
considering the chaiacter first as a dominant, then as a recessive 

To determine the incidence of migraine in the general adult popula- 
tion, 282 men taken consecutively were asked about headache and a 
positive history of migraine obtained in 57 4 per cent In the same 
way, 62 6 per cent of 348 women gave a positive history of migraine 
In view of the mild character and infrequence of attacks of migraine 
in some persons, this average incidence of 60 per cent will be somewhat 
below the real incidence 

It is evident that m dealing with a hereditary trait it is necessary to 
know the lelative frequencies of the factors concerned and from these 
to calculate the relative occurrence of homozygous dominants, heterozy- 
gous dominants and recessives Then, and only then may tables be 
constructed showing the statistical results to be expected in mass matings 
of various types The frequencies of the factors concerned, if migraine 
is first considered as a dominant and then as a i ecessive and my figui es 
of 60 per cent occurrence of migraine m the general population being 
used, are as folows 

If migraine is dominant 

Let M = gene for migraine 
then m = gene for normal condition 

And let p = frequency of M 
and q = frequency of m 

Then p -f- q = 1 

The possible combinations of these factors aie expiessed by tbe 
equation (p+q) 2 =l From this, the following combinations are 
formed 



M 

m 


p 

q 

M 

MM 

Mm 

P 

P 2 

pq 

m 

Mm 

mm 

q 

pq 

q 2 


p 2 + 2pq =: migrainous persons 

q 2 = no nmigrainous persons 
q = V nonmigrainous persons 

Substituting the figures that I have found for nonnugiainous 
persons, one has 

q= V40 = 0 632 
p = 1 — q = 0 368 
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Substituting values of p and q in the foregoing equations, one has 

p 1 — Homozygous migrainous persons 13 5 per cent (MM) 

2pq = Heterozygous migrainous persons 46 o per cent (Mm) 

q 2 — Nonmigrainous persons 40 0 per cent ( mm) 

Within the migrainous persons, there are the following relations 

Homo/jgous migrainous 22 5 per cent (MM) 

Heterozygous migrainous 77 5 per cent (Mm) 

If migraine is recessive, 

Let M = gcne for normal condition 
then m = gene for migraine 

And let p = frequency of M 
and q = frequency for m 
Then p -f- q = 1 


The possible combinations 

of these 

factors are 

expressed by the 

equation (p-f-q) 2 ~l From 

this, the 

following 

combinations are 

formed 

M 

m 



P 

q 


M 

MM 

Mm 


p 

P* 

M m 

pq 


m 

mm 


q 

pq 

q 2 



p 2 -f 2pq = nonmigrainous persons 
q 5 = migrainous persons 
q = V migrainous persons 


Substituting the figures that I have found for migrainous persons, 
one has 

q= V60 = 0774 
p = 1 — q = 0 226 

Substituting -values of p and q in the foregoing equations, one has 

p ! = Homozygous nonmigrainous person= 50 per cent (MM) 

2pq = Heterozygous nonmigrainous persons 35 0 per cent (Mm) 
q 2 = Migrainous persons 600 per cent (mm) 

Within the nonmigrainous persons are the following relations 

Homozygous nonmigrainous, 12 5 per cent 
Heterozygous nonmigrainous, 87 5 per cent 

Migraine in the general population is represented m tables 1 and 2 

STATISTICAL REQUIREMENTS 

If migraine is a true mendehan unit character, it will fulfill eertain 
statistical requirements relative to its occurrence in parents, children 
and siblings These requirements have been calculated on the basis 
of migraine as both a dominant and as a recessive the frequencies 
derived in the foregoing tables being used M\ figures aie compared 
with the statistical requirements in each case 
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1 When both parents ha\e migraine, the percentage of migraine 
m the children should be, if dominant, 849 and if recessive, 100 (table 
3) My figures are S3 3 per cent 


Table 1 — Incidence in General Popu- 
lation If Migraine Is Dominant 
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Table 2 — Incidence m General Popu- 
lation If Migraine Is Recessive 
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Table 3 — Incidence of Migraine When Both Parents Have It (Migraine 

Dominant) 
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T aele 4 — Incidence of Migiaine When One Parent Has It (Migraine 

Dominant ) 
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T j ble 5 — Incidence of Migraine When One Parent Has It (Migraine Recessive) 
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2 When onh one parent has migraine the percentage of migraine 
m the children should be if dommant, 61 2 and A recessive 43 7 (tables 
4 and 5) Wa figures are 61 
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3 When neither paient has migiame, the percentage of migiame 
m the children should be, if dominant, 0 and if recessive, 19 1 (table 6). 
My figures are 3 7 per cent 

4 There should be a history of migraine m one or both parents 
of migrainous childien if dominant, in 100 per cent (table 1), matings 
(1 to 8) and if recessive, in 95 per cent (table 7) My figures aie 91 4 
per cent 

Table 6 — Incidence of Migiame When Neithci Patent Has It (Migiame 

Recessive) 
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Table 7 — Incidence of Migiame When One oi Both Patents Have It 

( Recessive ) 


Table 2, One half of matings G = 10 50 
One half of matings S e= 10 50 
Matings 9 = 36 00 


Total incidence G0J 57 00 1 0 95 


Table 8 — Incidence of Migraine When Both Patents Have It (Dominant) 


Table 1, mating 1 = 18 
Mating 2= 6 3 
Mating 4 = 6 3 
Three fourths mating 5 = 16 2 


Total incidence GOJ 30 G [ 0 51 


Table 9 — Incidence of Migiame When 
One Paient Has It (Dominant) 


Table 1, mating 3 = 54 
One half of mating 6 = 93 
Mating 7 = 54 
One half of mating 8 = 93 


Total incidence GOJ 29 4 [ 0 49 


Table 10 — Incidence of Migi ame When 
One Patent Has It (Recessive) 


Table 2, one half mating 6 = 10 50 
One half mating 8 = 10 50 

Total incidence GOJ 21 00 [ 0 35 


5 Both patents of migiamous children should have nugrame if 
dominant, m 51 per cent (table 8) and if recessive, m 60 per cent 
(in table 2) , only m mating 9 are both parents migramous=36 per cent 
of 60=60 per cent My figuies are 26 per cent 

6 Only one parent of the migiamous should have migraine if 
dominant, m 49 per cent (table 9) and if recessive, m 35 pei cent (table 
10) My figures are 60 per cent 
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7 Neither parent of migrainous children should have migraine 
if dominant, m 0 per cent (table 1) and if lecessive, in 5 per cent (table 
2) one fourth of mating 5, 3 m 60=5 per cent My figures are 8 6 
per cent 

8 Siblings of migrainous persons should have migiame if domi- 
nant, in 77 8 per cent (table 11) and if recessive, m 78 7 per cent (table 
12) My figures aie 67 2 per cent 

Table 11 — Incidence in Siblings of Migi amous (Dominant) 


Table 1, mating 1 = IS migrainous siblings 100% =18 
Mating 2 = 6 3 migrainous siblings 100% =63 
Mating 3 = 5 4 migrainous siblings 100% =54 
Mating 4 = 6 3 migrainous siblings 100% = 6 3 

Three fourths of mating 5 = 16 2 migrainous siblings 75% = 12 2 

One half of mating 6 = 9 3 migrainous siblings 50% = 4 65 

Mating 7 = 5 4 migrainous siblings 100% = 5 4 

One half of mating 8 = 9 3 migrainous siblings 50% = 4 65 


Total incidence 60 J 46 70 1 77 8 


Table 12 — Incidence m Siblings of Migi amous (Recessive) 


Table 2, One fourth of mating 5 = 3 OS migrainous siblings 25% = 0 77 

One half of mating 6 = 10 50 migrainous siblings 50% = 5 25 

One half of mating 8 = 10 50 migrainous siblings 50% = 5 25 

Mating 9 = 36 00 migrainous siblings 100% = 36 00 


Total incidence 60 J 47 27 l 78 S 


Table 13 — Incidence in Siblings of Nommgt amous ( Dominant ) 


Tible 1, One fourth of mating 5 = 54, with 75% migrainous = 4 05 

One half of mating 6 = 93, with 50% migrainous = 4 65 

One half of mating 8 = 93, with 50% migrainous = 4 65 


Total incidence 40 J 13 35 1 33 4 


Table 14 — Incidence in Siblings of Monmigi amous (Recessive) 


Table 2, Three fourths of mating 5 = 918, with migrainous siblings 25% = 23 

One half of mating 6 = 10 50, with migrainous siblings 50% = 5 25 

Mating 8 = 10 50, with migrainous siblings 50% = 5 25 


Total incidence 40 J 12 80 1 32 


9 Siblings of the nonmigi amous should have migraine if domi- 
nant, in 33 4 per cent (table 13) and if recessive, m 32 pei cent (table 
14) My figures are 11 5 per cent 

CLINICA.L DATA 

The statistics used here except items 3 and 9, weie taken fiom 
a review of 500 of mi cases of migraine The actual clinical data 
are as follows 
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1 In 56 families in which both parents weie migiainous and which 
contained 318 children, 240 had migraine, 48 did not and m 30 the 
history was not known or the clnldien were too young, giving a positive 
figure of 83 3 pei cent 

2 In 141 families in which one parent was migrainous and one 
not and which contained 750 children, 342 had migraine and 217 did 
not, in 191, the history was not known or the children weie too young 
This gives a positive figuie of 61 per cent In 99 families in which 
one parent was migiainous and the history of one unknown and which 
contained 517 clnldien, 266 were migrainous, 153 weie not and in 152 
the lustoiy was not known This gives a positive figure of 63 4 pei 
cent If one combines these two groups one has 240 families in which 
it was known that one parent had migiaine Of the 978 clnldien about 
whom data weie available, 62 pei cent had migiaine 

3 In 98 families in which neither one of the parents had migiaine, 
containing 485 clnldien, 18, or 3 7 pei cent, had migraine 

4 A history of migiaine in one or both parents was given in 349 
(91 4 pei cent) of 382 nngramous patients 

5 Data on both parents were obtained fiom 243 patients, and in 
63 instances (26 pei cent) both patents weie said to have nngiame 

6 A history of migraine in one parent but not in the other was 
given m 147 (60 pei cent) of 243 migiainous patients 

7 A histoiy of nngrame in neither paient was given m 33 (8 6 pei 
cent) of 382 migiainous patients 

8 In the families of 376 migiainous patients containing 2,105 
children, 658 siblings had migraine, 504 did not have it, and in 567 the 
history was not known or the children were too young This gives an 
incidence of 67 2 per cent of the 1,538 clnldien about whom data were 
available 

9 In 163 family histones given by clnldien who did not hare 
headache themselves, 90, or 118 per cent, of a total of 911 clnldien 
aie said to have migiaine, 722 to be without nngiame, and m 99 the 
history was not known 

The mfoimation about headache m patents and siblings secuied fiom 
pei sons who did not themselves have headache, as m items 3 and 9 
is probably not lehable The figuie m item 7 lepiesents the same 
supposed enoi as recorded in item 4 The figuies in items 5 and 6 
might be changed on moie accuiate mfoimation about both paients 

The genetic and statistical evidence piesented m this paper indicates 
that nngiame is inherited as a dominant unit mendehan chaiacter 
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In a previous publication 1 we gave the results of some experiments 
on the lion reserve m animals, first as affected by the standard casein 
diet, and second as affected by the feeding of food known to be rich 
in available iron While it is commonly stated that the body does not 
have any reserve of non m the same sense that it has reseives of calcium 
and phosphoius, there aie many clinical facts which make it seem likely 
that there must be at least enough non in reserve to take care of the 
01 dinar} contingencies of everyday life Relatively prompt recovery of 
animals and human beings after bleeding, even when the iron in the 
diet is not especially abundant, would seem to make this point apparent 
The experiments referred to were undertaken with the idea of determin- 
ing m a positive manner whether this surmise is correct, and whether an 
iron reserve leally does exist, and if so to obtain at least an approximate 
idea of the amount of such a leserve, and of the readiness with which it 
may be drawn on for the repair of losses of iron such as occur in 
hemorrhages Since the present woik is a dnect extension of our 
previous experiments, a brief synopsis of the lesults of these will be here 
given 

Our plan of pioceduie was as follows A large number of white rats 
was obtained and divided into two groups in such a way that the litters 
were divided, half of the young being in one gioup, and the other half 
being used as conti ols One group was kept on the standard casein diet, 
the other group on the same diet, which was modified, in that a portion 
of the piotem was obtained from dried beef liver instead of casein, the 
caloric and protein content of the whole lemaimng the same Both of 
these diets weie adequate in all respects We have numerous charts 
which show that the growth curve was entirely normal The young 
were reared successfully, the litters were full sized and the young m 
their turn grew normally, bred at the usual time and in their turn 
1 eared full sized litters of normal young The hemoglobin content was 

k From the Department of Medicine, University of Illinois College of 
Medicine . 

1 Williamson, C S and Ets, H N The Problem of the Iron Reserve 
Vch Int Med 40 668 (Nov ) 1927 
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determined immediately befoie the rats were placed on the diets, and 
then at intermediate times, after they had been on the diets up to 
four months 

Before the experiments were begun, the two gioups showed prac- 
tically identical concentrations of hemoglobin, namely 0 77 foi the 
group to be placed on livei diet and 0 766 for the control gioup 
After the animals had been on their lespective diets for a little more 
than tluee months, the peicentage of hemoglobin had increased 
materially in both gioups, as is noimally the case with young animals 
The figures were 1 11 and 1091 It is cleai, then, both from these 
figures and fiom oui previous work that the feeding of normal young 
rats with a diet which contains available iron m amounts far above their 
metabolic needs does not increase the amount of hemoglobin m the 
blood This, in view of what is known of the constitution of the blood, 
was to be expected Our tram of thought was as follows If the body 
is capable of storing up iron outside of the circulation, m a form avail- 
able foi use when there is a dram on the circulating lion, for instance, 
after hemorrhage, it would follow that if these two gioups of animals 
were each bled identical amounts, the animals which had been fed on 
food rich in iron might lecover fiom the effects of these hemorrhages 
moie quickly than the animals on ordinary diets Conveisely, if, after 
the two gioups had been bled to the same extent, one gioup should 
lecover more quickly or to a greatei extent than the conti ol gioup, this 
fact would constitute the best possible pi oof that an lion reserve had 
been stored up and was capable of being used m the replacement of the 
lost blood Our results in these experiments weie striking and decisive 
We began, as already stated, with identical concentrations of hemoglobin 
m both groups , six days after bleeding, we found that the group on the 
liver diet showed a concenti ation of 0 927, whereas the control group, 
on the casein diet, showed a concentration of only 0 745 At the end of 
twenty-eight days after bleeding, the group on the liver diet showed a 
concentration of 1 033, whereas the group on the casein diet showed only 
0 735 These lesults were so striking as to admit of only one mtei - 
pretation, namely that there is a definite storage of iron m a readily 
available form amounting, under our conditions of experiment, to about 
30 per cent These results weie fuither checked by determinations ot 
iron in the liver and spleen in gioups of twenty animals on each diet 
before bleeding and after bleeding Before bleeding the rats on the hvei 
diet showed 22 2 mg 2 of iron in their livers, and 51 2 mg of iron 
m the spleen as compared with 14 2 and 21 3 mg in the animals fed 
on casein Determinations of iron in the liver and spleen weie also 

2 All values of iron are expressed in milligrams of iron per hundred grams 
of tissue 
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made twenty-eight days after bleeding with the following results 
liver, 13 3 mg , spleen, 29 5 mg m the animals fed with liver, as com- 
pared with 9 9 and 14 1 mg , respectn ely, m the group fed with casein 
B) subtracting the figures after bleeding from those obtained befoie 
bleeding, it is plain that the animals on the liver diet lost 89 mg 
from their livers and 21 7 mg from their spleens, as compaied with 
4 3 and 7 2 mg , respectively, m the animals on the casein diet These 
figures demonstrate conclusively, we think, not only that the storage is 
largely in the liver and spleen, but that these organs store the iron in a 
readily available form Of course, it is possible, indeed probable, that 
much of the iron in these two organs is present in a form not available 
for conversion into hemoglobin Our 1 previous experiments seem to 
show this clearly 

If it is accepted, then, as a demonstrated fact, that there is a sub- 
stantial reserve of available iron m the organism which may amount, 
under conditions of experiment similar to ours, to as much as 30 per 
cent, then the further question naturally suggests itself, Is it possible 
to produce a leserve supply of aiailable iron by the systematic feeding 
of ordinary medicinal iron in the place of the iron m the food 7 

It need hardly he pointed out that the matter is one of considerable 
practical, as well as theoretical, importance In view of the admitted 
difficulties m the way of arranging a diet either for children oi foi 
adults, which contains a sufficiency of atailable food iron, it would be a 
tremendous help if the ordinary forms of medicinal iron could take 
the place of this food iron in building up a reserve If it should prove 
that medicinal iron were even measurably efficient m storing up a reser\ e 
of available iron we could, perhaps, afford to give less thought to the diet, 
at least so far as its containing a sufficient amount of food iron is 
concerned 

METHODS 

Our experiments were conducted along the same lines as those followed m the 
work already mentioned A large number of young, white rats was obtained in 
litters of from six to ten The litters were so divided that half of the animals 
in each litter w r ere used for the iron feeding experiments while the other half 
were used as controls We feel that it is most important to use a large number 
of animals, and to use as many controls as there are animals to experiment with 
This is a point that is too often overlooked in such work Our plan of procedure 
was as follows The concentration of hemoglobin of the blood was taken before 
the rats w ere placed on the diet, which w r as identical in the two groups, except 
that in one, which we called the “iron diet group” we added ferric citrate After 
the animals had been on their respective diets for ninety days, the concentration 
of hemoglobin was again taken Immediately after the second determination, each 
animal was bled 25 per cent of the calculated volume of blood directly from the 
heart The concentration of hemoglobin w as then again taken on each animal on 
the sixth and twenty-eighth day after it had been bled It is not necessary to 
refer in detail to the methods employed, since they haie been described at length 
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in a previous communication 3 We adopted in this work, as before, the accurate 
spectrophotometric method, since it requires a minimal amount of blood, does not 
have any color standards to fade, and, if one has the proper command of the 
technic and a suitable apparatus, admits of an exceedingly accurate and fairly 
rapid determination of hemoglobin 

RESULTS 

Our results can be stated m a few words The aveiage concentra- 
tion of hemoglobin of the lats before being placed on the diet was 0 934 
for the controls and 0 945 for the group to be placed on an iron diet 
Aftei the rats had been on the diets for ninety days, the concentration of 
hemoglobin was 1 051 and 1 035 for the controls and for the rats fed 
on iron, respectively Such vanations as these, amounting to 1 or 2 
per cent, occur m any series of animals, even when on identical diets 
We have then again abundant confirmation of our previous results, 
namely, that it is not possible to increase the amount of hemoglobin 
m the blood m normal, young rats by feeding them ferric citiate in 
addition to their standard diet 

On the sixth day after bleeding, we found that the concenti ation 
of hemoglobin was 0 874 and 0 885 for the controls and the groups fed 
on iron, respectively In othei words, the two gi oups were substantially 
identical To make suie that theie might not be a belated improvement, 
we again took the concentration of hemoglobin on the twenty-eighth 
day after bleeding, and found the concentrations to be 1 084 for the 
controls and 1 005 foi the group fed on lion The question may arise 
as to whether a difference of approximately 8 per cent is within the 
probable limit of error, but in any event it is to the disadvantage of the 
group fed on iron From these figuies, then, it will seem peifectl) 
obvious that it is not possible by the administration of feme citiate over 
a relatnely long period of time to build up reseive of available iron, 
that is of iron capable of being converted into hemoglobin We did not 
make analyses of either the entire bodies of the rats or the livers oi 
spleens, since we had done this and had published the results in detail 
m a previous communication,'’ and had shown conclusively that theie is 
a storing up of iron in the livei, spleen and bone mairow, but that, 
under oui conditions of experiment, this iron was not capable of being 
converted into hemoglobin The fault lies not with the absoiption 
of iron, as was supposed by Bunge and his followers, but with its ability 
to be converted into hemoglobin 

The results obtained m the expenments just quoted stand m the 
most striking contrast to the results obtained under identical conditions 
m the group of animals which had been fed on food iron m quantities 
above their metabolic needs As already stated, there was, in this group, 

3 Williamson, C S , and Ets, II N Value of Iron in Anemia, Arch hit 
Med 36 333 (Sept ) 1925 
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a stoiage ot available iron to the extent of about 30 pei cent Foi the 
sake of clearness and eas) compai ison, the results are shown side b) side 
in table 2 

An inspection of table 2 shows that wheieas in the lats fed on 
food iron and on feme citiate the concentration of hemoglobin was 
substantially identical in both the experimental and the conti ol gioups 
before they had been bled, on the sixth da) aftei bleeding the ratio 
of the concentration in the gioup fed on feme citiate was yf^r> 1 e > 
substantially identical, wheieas m the animals fed on food non, the 
ratio was — 9 F t a diffeience of more than 20 pei cent On the twenty- 
eighth day after bleeding, m the animals fed on fei ric citiate, the ratio was 
, an actual diminution, wheieas m the rats fed on food iron, the 
ratio was ~||, a striking mciease m favoi of the animals fed on 
food iron 

Table 2 — Compai ison of Results with Food lion and Feme Citiate 
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0 927 
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1 090 


0 7o2 
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We may say, then, that it is readily possible foi the organism to stole 
a satisfactoiy leserve of iron, if there has been an excess of available 
food iron m the diet foi a sufficient time These results cannot be 
obtained by the simple addition of fernc citiate, however desnable this 
might be 

It cannot be definitely concluded that if the addition of ferric citrate 
cannot build up a reserve of available non m a normal animal, it will 
not build up the concentration of hemoglobin in an animal which has a 
pathologically low concenti ation of hemoglobin It is, however, most 
suggestive, and taken in combination with our previous work, we are 
inclined to see a confirmation of that work 

SUMMARY 

1 Rats fed on the standard diet plus ferric citrate do not show' an 
mciease m the concenti ation of hemoglobin over rats on the same 
diet minus feme citrate 

2 Aftei 25 per cent of the volume of blood has been bled rats which 
have been fed ferric citrate m addition to the standaul diet for a long 
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time before bleeding do not recover any moie quickly than the conti ol 
group which has not been given ferric citrate Expressed in other words, 
the addition of feme citrate to the diet of rats cannot build up a reseive 
of available iron, that is, of non capable of being converted into hemo- 
globin 

3 This last result is in striking contrast to the results of our pie- 
vious work, wherein it was shown that the feeding of food iron undei 
the same conditions lesulted in the storing up of approximately 30 per 
cent of reserve iron, which was immediately utilizable after a strain on 
the body, as, for example, after hemoirliage 
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Tratado DC LA Diabetes By Pedro Escldero Pp 700 Buenos Aires 
Librena “El Altcneo” 1927 

This book of about 700 pages covers the extent of the modern knowledge of 
diabetes It is arranged in an orderly manner and treats thoroughly involved 
features of the chemistry of sugar metabolism The presentation is clear and 
simple It is not only a textbook for the student, but a handy reference book, 
the technic of all the necessary tests and chemical reactions being described 
throughout 

The material for this treatise comes from the large clinic of Escudero, who 
is professor of medicine in the University of Buenos Aires, and the result of 
much practical experience can be found in these pages 

The work is divided into four sections The first section contains an elaborate 
discussion of sugar metabolism and its chemical features in both the normal and 
the diabetic person Under this heading is included the relation of sugar metab- 
olism to other foodstuffs, and the importance of the broader aspects of alimenta- 
tion in diabetes is emphasized 

Section two covers the pathologic, physiologic and clinical aspects of glyco- 
suria In this section the portions dealing with the use of insulin are especially 
valuable 

The third section takes up the complications of diabetes and their manage- 
ment Especially noteworthy here is the original work of Escudero on latent 
diabetes He has shown that a number of diseases of the skm, the eyes and the 
nervous system are due to lack of power of oxidation of carbohydrates, which has 
not yet reached the stage of glycosuria By careful studies of the metabolism 
of a number of such conditions and antidiabetic management he has brought about 
striking clinical cures 

The fourth section should really be published as a separate pamphlet It is 
a “Guide for the Diabetic,” and begins with a short description m simple terminol- 
ogy, that is comprehensive to the laity , it continues with the usual instructions 
for the patient as to his mode of life and dietary lists This section is not of 
much value to the American public as so many of their foods are strange to us 

The Simple Goitre By Robert McCarrison Price $4 00 New York 
William Wood & Company 

The contents of this book formed the subject matter of a report to the Inter- 
national Conference on Goiter held at Berne in August, 1927 

In the introduction, he discusses the normal physiology of the thyroid and its 
response to heat, cold, altitude, puberty and other factors, and emphasizes here as 
throughout the book that too much stress has been laid on deficiency of iodine as 
the dominant factor in enlargement of the thyroid of the adenomatous type The 
two types of simple goiter — adenoma parenchymatous and diffuse colloid — he 
believes differ in their epidemiology and etiology Deficiency of iodine may play 
an important role in colloid goiter His studies, made m India, were almost 
entirely on the adenoma parenchymatous type He believes deficiency of iodine is 
not the important etiologic factor His experimental work on both animal and 
man, all of which has been previously published, suggests the presence of some 
toxic substance, probably bacterial His clinical observation and experimental 
work were apparently carefully controlled and while his views have not been 
widely accepted, they are nevertheless convincing, and cannot be lightly discarded 

The last half of the book is given over to illustrations There are charts 
showing the incidence of goiter before and after purifying the water supply, 
photographs of people with goiter and creatms, photographs before and after 
production of experimental goiter in man, another series showing the result of 
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treatment with intestinal antiseptic or protein shock therapy, and finally a series 
of photomicrographs of the thyroid m man and experimental animals This 
\olume, which contains the collected observations of a lifetime, is a valuable 
contribution concerning one man’s experience with goiter 

Hormone end Innere Sekretion By Dr Fritz Laquer, Pnvatdozent an 
der Umversitat Frankfurt AM Price, 8 30 marks, paper, 10 marks, bound 
Pp 136, with index Dresden and Leipzig Theodor Steinkopfif, 1928 

In the plethora of monographs on the endocrine glands that are being published 
todav, this short monograph of Dr Laquer ranks among the best from the point 
of view of brevity and reliability The author has succeeded in an admirable 
manner, and with rare judgment, in selecting and organizing the known facts in 
this important field Hypotheses and vagaries are largely excluded The author 
does not attempt, and it would be impossible in the few pages of this book, to 
treat m extenso the organotherapeutic aspect of the endocrine glands , the histologic 
aspects are also largely eliminated It is essentially an excellent summary of 
the biochemical and the physiologic knowledge of the endocrine glands As an 
index of the author’s admirable judgment and scientific caution, a group of glands 
and substances are treated briefly in the last chapter under the general heading 
of “Hormones of Hypothetical Nature ” Here the author includes the pineal 
body, the so-called heart hormone of Loewi, the spleen, the liver, the salivary 
glands and cholin At the end of the book is an appendix which contains a 
bibliography of 1,200 titles arranged under the subject matter of the chapters of the 
book 

The New York Academy of Medicine Lectures on Medicine and Surgery 
First Series Price, §5 309 pages, with 39 illustrations New York Paul B 

Hoeber, 1927 

In the preface the following statement appears, “The first series of Practical 
Lectures for the general practitioner arranged by the Committee on Medical 
Education and given at The New York Academy of Medicine in 1926-1927 met 
with such favor that the lectures are now published in book form in the belief 
that they will meet a need which is felt by the profession generally” 

This series of fifteen lectures on a variety of general topics does not add any- 
thing new to medical literature, but the subjects are presented in a practical and 
popular style To me the chapters on “The Treatment of Cardiovascular Syphilis” 
by Harlow 7 Brooks, “General Infection by Bacteria” by Emanuel Libman, “The 
Cutaneous Manifestations of Syphilis” by George N MacKee, “Surgical Aspects 
of Diseases of the Thyroid” by Eugene H Pool, and “The Treatment of Pneu- 
monia” by David Riesman, are of particular interest Others may be more 
attracted by that on “Clinical Aspects of Common Otological Infections” by Samuel 
J Kopetzky, by “Remarks on Eye Conditions” by John M Wheeler, or by 
“Obstetrical Problems in General Practice” by J O Polak The chapters on 
pathologic causes of “Human Misconduct” by Max Schlapp, “The Problems of the 
Child’s First Year” by H B Wilcox, and “Contagious Diseases” by Shirley W 
Wynne are very good 

The general practitioner will doubtless find these lectures both interesting and 
profitable 

Traite de Physiologie, Normale et Patiiologique Par G H Roger, 
Professor of Physiologie a la Faculte de medecine de Paris, Doyen de la 
Faculte Tome III Physiologie du Foie et de L’Appareil Urmaire Price, 

85 francs Pp 751 Tome IV Les Secretions Internes Price, 80 francs 

Pp 858 Paris Masson & Cie, 1928 

These two volumes maintain the elements of excellence as well as the elements 
of defects already pointed out in the previous volumes of this large set The 
chapter on the liver by Dr Roger is on the whole excellent, so are the chapters 
on the kidneys by Dr Rathery and Dr DuBois 



BOOK REVIEWS <M> 

In volume IV, dealing with the endocrine glands, the best chapters are those 
on the pancreas, insulin and diabetes by Dr E Hedon and Dr L Hedon, and the 
chapter on the hypophysis and the basal region ox the brain by Dr Roussy and 
Dr Gournay Dr Hedon and Dr Roussy have done valuable experimental work 
in their fields, and this has given tone and critical judgment to their presentation 
The ovaries and testes are not treated m this volume As an example of extreme 
plethora of words which m general tend to veaken man} chapters of this volume, 
the chapter on the pineal gland by Dr Laignel-Lavastine might be reterred to 
The chapter runs up to nearly fifty pages and at the end the author concludes that 
the pineal body is really an endocrine organ, a conclusion highl} problematic 
today The reliable data on the physiology and patholog} of the pineal gland can 
certainly be condensed to less than fiftv pages with profit 

The Mechanics of the Digestive Tract By Walter C Alvarez, M D , 
Associate Professor of Medicine, University of Minnesota (Mayo Foundation) 
Second edition Price, S7 50 net Pp 428 New York Paul B Hoeber, 1928 

This book is intended as an introduction to gastro-enterology , but it can be 
read with profit bv those vho have worked long in this field and by all who are 
endeavoring to solve the problems which it presents to the ph>siologist or to 
the clinician. The second edition is practical!} a new book, thoroughly up-to- 
date Its scope is much v ider than that of its predecessor, which vas devoted 
chiefly to the author’s gradient theor} The practical application of modern physio- 
logic discoveries is kept constantly in mind, and ever} effort is made to 
correlate them with the known clinical facts Considerable attention is given to 
the alterations m function produced by disease or b} operative procedures Recent 
vork on the gallbladder is carefully reviewed and attractivel} presented in the 
chapter on “The Mechanics of the Gallbladder” One of the most interesting 
portions to the internist is that devoted to flatulence, because the author has 
gathered together much important data regarding this common S}mptom 

Man} readers will be pleased to find in the book pictures of numerous men 
vho have been or are outstanding figures m the field of gastro-enterolog} 

The bibliograph} of nine hundred titles is worth} of real praise 

The Medical Department of the United States Apmy in the World War 
Training Volume 7 Price, S3 25 Washington, D C Government 
Printing Office, 1927 

The 1,200 pages of this volume do not make light reading It is a hetero- 
geneous hodgepodge of data vhich the reviewer can see no reason in the world 
for publishing Nearly half of the book is made up of an appendix, m fine 
print, and contains documents of every conceivable character, ranging from 
descriptions of visits to the front by student officers, to lectures on various 
branches of science delivered in army training camps 

The bod} of the work consists of detailed plans and histories of the various 
training centers Daily curriculums and courses of study follov each other, 
page after page, with distressing monoton} 

A stud} of the vork after the lapse of ten years since the war leaves in the 
reviewer’s mind several queries The first is as to the wisdom of tr}ing to 
make such good soldiers out of physicians The second is the obvious absurdity 
of attempting to make administrators out of all the more prominent scientists 
As a reference work for the unlucky persons who will have to organize 
a medical service for the next var, volume 7 will be of great value, but it 
does not make a very readable contribution to the present series 

The Medical Department of the United States Arwv, Volume 12 Part 
1, Ph}sical Reconstruction and Vocational Education Part 2, The Army 
Nurse Corps Price S3 Washington, D C Government Printing Office, 
1927 

Part 1, gives in detail the objective and methods of carrying out the physical 
restitution of the soldiers Previous to the armistice an effort vas made to 
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rehabilitate as many as possible for a return to active duty , following the armistice, 
to rehabilitate and when necessary to give vocational training in order that soldiers 
might be enabled to maintain a livelihood in civilian life The methods by which 
this was attempted are given in detail 

Part 2 discusses the activities and, one might say, the hardships, especially of 
the overseas nurse 

Ueber Eirveisbeschrankung in der Behandlung des Diabetes Gravis 
By Karl Petein, head of the Department of Medicine, University of Lund 
(Sweden) and S Lang, Karlsbad, Germany Pp 72 Verlagsbuchhandlung 
Carl Marhold, 1927 

The discovery of insulin made it necessary to publish a second edition of this 
book, the first appearing in 1922 Petrin uses the high fat and low protein diet, 
which is known as the Newburgh diet m this country The good results are 
explained by Snapper’s (Amsterdam) work on the secretory function of the 
kidney By giving the kidney a rest from the secretion of nitrogen waste products, 
it is easier to take care of the beta oxidation of oxybuteric acid, diacetic acid and 
acetone In this way, acidosis is prevented Insulin, he believes, should be used 
only in coma and when the blood sugar does not come down to normal when the 
patient is on a maintenance diet 

Krankheitslehre der gegenwart Stromgungen und Forschungen in der 
Pathologie seit 1914 Weisenschafticiie Forsciiungsberichte — 
Naturwiss Reihe, Band XVII By Gotthold Herxheimer, Head of 
Department of Pathology of the General Hospital of Weisbaden, Germany 
Price, 12 marks, unbound Pp 256 Dresden Theodor Stemkopff, 1927 

This volume is an excellent review of the new ideas and discoveries in pathology 
since 1914 There are good references to every subject The author regrets that 
most of the references are in German, but because of the tremendous literature 
this was unavoidable Over 10,000 books and papers have been reviewed Thi* 
is a valuable asset to any medical library 

Diabetic Manual tor Patients By Henry J John Price, $1 75 St Louis 
C V Mosby Company, 1928 

This new manual is simply and intelligently written and gives an excellent 
presentation of the general principles underlying the disease, diabetes, and its 
management from the layman’s point of view, although a great deal of interesting 
medical statistics is included There are numerous charts presented in attractive 
fashion Of special interest are the color illustrations of the various ordinary 
foods, giving their composition in graphic manner The usual diabetic recipes 
follow in the rear of the book as an appendix This manual will take its place 
with the best of its kind in American literature It is pleasant to notice that 
the author refers to the manuals already in existence as reading matter recoin 
mended for patients 

The International Medical Annual Price, §6 00 Pp 573 New York 
William Wood & Co , 1928 

This is the forty-sixth year this book has been published, and the manner of 
treating the progress in medicine over the past year does not differ from the 
previous volumes It summarizes very well the recent work m medicine, surgery 
and the specialties References are given for more detailed data The contributors 
are all English 

The book is of great value to anyone who does not find time to keep up with 
the medical literature, or who wishes quickly to summarize the most recent work 
in the treatment of disease 
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XANTHOMATOSIS AND THE RETICULO- 
ENDOTHELIAL SYSTEM 

CORRELATION OF AN UNIDENTIFIED GROUP OF CASES DESCRIBED AS 
DEFECTS IN MEMBRANOUS BONES, EXOPHTHALMOS AND 
DIABETES INSIPIDUS (CHRISTIAN’S SYNDROME) ’ 
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INTRODUCTION 

Xanthoma was first clescnbecl as a rare disease of the skin It is 
still classed as a deimatologic condition, although for a long time it 
has, m all its many forms, been considered a systemic process with 
lesions of the skin and tendon sheath as outward manifestations Its 
common ch aiactenstics are, macroscopically, the sulphur yellow to 

*From the Children’s Clinic 



612 


ARCHIVES OF INTERNAL MEDICINE 


yellow brown color of the lesions, and mici oscopically, the presence of 
large bright cells with vacuolated or “foamy” protoplasm, m consequence 
of a high content of a fatlike substance 

In the early study, xanthoma was occasionally legal ded as an 
inflammatory process of toxic or infectious origin, though it was more 
often considered neoplastic m nature The discovery that the fatlike 
substance in the cells is lipoids, by Panzer, in 1906, and by Pmkus and 
Pick, m 1908, modified these views Since then, xanthoma has come to 
be considered as a variable symptom complex resulting from a dis- 
turbance of lipoid metabolism, especially of cholesteiol metabolism, and 
l elated to different causes 

With the work on the reticulo-endothelial system, a new interest has 
been bi ought into the xanthoma pioblem The lesearches on this 
subject indicate that all the varied manifestations of xanthoma can 
be brought back to the single pathologic principle that ceitam sub- 
stances infiltrate the reticulo-endothelial system The xanthoma cell is 
a cell of reticulo-endothelial origin infiltrated with lipoids Xanthoma 
lesions aie the hyperplastic reaction of the reticulo-endothelial system, 
resulting from the infiltration of lipoids in excess in the body fluids 
A localization of this process produces the hyperplastic nodular lesions 
According to this interpretation, xanthoma represents the body’s 
attempt to rid the body fluids of lipoid which cannot be properly 
excreted and which acts as an irritant Various lipoids (cholesterol 
fatty acid esters, phosphatid lipoids, possibly more complex lipopro- 
teins) are concerned in this process, but the anisotropic ester of 
cholesterol has been most often observed and most studied 

This new view, though supported by animal experimentation, lacks 
clinical confirmation I have had the good fortune to see two cases illus- 
trating this condition , one case was studied at necropsy and one patient 
is still under clinical observation Recent interest m reticulo-endothelial 
investigation makes the presentation of these cases oppoitune They 
represent a form of xanthoma of a so-called visceral type, xanthomatosis 
Chalatow, m which many parts of the reticulo-endothelial system show 
storage of lipoid or hyperplasia of lipoid cells In their consideration 
I shall discuss a group of cases already descnbed by Chnstian and 
others under the title “Defects in Membranous Bones, Exophthalmos 
and Diabetes Insipidus,” m which the etiology is m doubt and which, 
I believe, represent the same condition 

The study of this series of cases m which hyperplasia of the lipoid 
cells occurs both as a diffuse process m various organs and as localized 
nodular lesions clears up m a surprising way the mystery of the destiuc- 
tion of bone, exophthalmos, diabetes insipidus and dwarfism in the syn- 
drome and explains the pathogenesis of a numbei of other well recognized 
clinical conditions It also contributes a new interest to the much 
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discussed lelationship of other reticulo-endothelial lipoid metabolic 
conditions, notably Niemann’s disease and Gaucher’s disease Xanthoma 
of this form is usually regarded as a rare condition, and as my cases 
contain so many featuies of clinical, as well as microscopic interest, I 
record them in full 

REPORT OF CASES 

Case 1 — Histoiy — H S , a white boy, aged 5 years and 2 months, was referred 
to me on Dec 14,1925 The father was living and well The mother was overweight, 
had congenital nystagmus and was neurotic, she had not had any miscarriages 
One other child, a girl, aged 2 years, was well developed and healthy The mother’s 
pregnancy had been normal The birth was not difficult and had occurred at full 



Fig 1 (case 1) — Extreme exophthalmos persisting post mortem 

term At birth the infant was well developed and weighed 8 pounds (3,628 74 Gm ). 
He had been breast fed for fifteen months The first teeth erupted at 6 months 
At the age of 10 months, the infant weighed 26 pounds (11,799 Gm ) He had 
a mild facial eczema and a small abscess on the scalp at 11 months, otitis media at 
12 months, and nasal diphtheria at the age of \ l /> years, although it was not severe 
and he received antitoxin 

At the age of 2 years, following a mild attack of measles, the patient did not 
appear as well as usual Six months later his tonsils and adenoids were removed. 
A soft swollen area i\as found on the back of his head at this time, which 
it was thought, might have been due to a fall down some steps ’ As he 
did not complain of pain, a phjsician was not consulted until the child 
was 3 years and 9 months of age, when another swelling and soft spot appeared 
in the right temporal region, the mother ascribed this to his striking his head 





Fig 2 (case 1) — Lateral aspects of extensive bone defects at the vertex and 
base of skull and at the maxillae, Dec IS, 1925, A, right side, B, left side 


Fig 2 (case 1) — C shows extreme pulmonary fibrosis on Dec 15, 1925, D , 
appearance at autopsy, Jan 3, 1926, showing the character of the borders of the 
bone defects , some of them are sharp and discrete in outline, whereas others have 
a more or less motheaten appearance 
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against the corner of a table Examination at this time showed a marked degree 
of exophthalmos and strabismus The vision and eyegrounds were normal The 
alveola^ processes were swollen and tender, and most of the teeth were loose and 
infected, producing a foul odor to the breath He had already lost a number of 
teeth, ten having been extracted at one time There was a slight serous discharge 
from both ears, with questionable mastoid tenderness 

Roentgen-ray examination showed “multiple cranial defects involving both 
tables of the skull and one large defect in the occipital region of the skull where 
erosion of both tables was complete, suggesting a metastatic process, probably 
from sarcoma ” The blood gave a negative Wassermann reaction The Wasser- 
mann reaction of the spinal fluid was negative The globulin was not increased 
The colloidal gold curve was 0000000000 Neurologic symptoms were not found 
A mild pertussis developed, which made observation in a hospital impossible 
The eyes, in the meantime, became more prominent, the right always more 
than the left, and the soft areas on the head gradually increased in size The 
child did not complain of pain or headache, nor were tremor, irritability, con- 
vulsions or abnormal gait observed His mother considered him bright, though 
his speech was not distinct, and it was believed that his hearing and vision were 
normal His appetite and digestion were good Abnormal urinary symptoms 
were not observed He rarely wet his bed and did not show evidence of thirst 
or pass an unusual amount of urine He was brought for examination because of 
the increasing shortness of breath and difficulty in walking, which had developed 
during the past three months He had an occasional pain in the right side of the 
chest and a moderate dry cough and difficulty in breathing 

Physical Examination — The boy was considerably undersize for his age, he 
was fairly well nourished, did not show abnormal deposits of fat and was pale, 
cyanotic and dyspneic He weighed 29 pounds (13 2 Kg) and was 38 inches 
(96 cm ) tall The temperature was 100 2 F The respiratory rate was 32 The 
skin was not especially dry and did not show any eruptions The glands in the 
posterior cervical region were the size of shot, other glands were not enlarged 
The head was large in proportion to the body, its circumference was 50 cm The 
face was oval There was a normal amount of brown hair A noticeable bulge 
was present in the frontal region, in an area 5 by 7 cm , in which there was an 
absence of bone This area protruded when there was straining, as in coughing 
and crjing, and pulsation could be felt Most of the bony edge was sharply 
defined There was a similar area m the right temporal region, 4 5 by 3 5 cm , 
and a smaller area in the left parietal region, irregularly outlined, 2 cm in 
diameter At other points the surface was slightly elevated, as in the frontal 
region 

The eyes showed marked exophthalmos, greater m the right The eye turned 
downward and inward The pupils were slightly dilated, regular and equal, and 
reacted to light and in accommodation The muscle response was normal and 
njstagmus was not present The fundi appeared normal, the disks were well 
defined, and the vessels were normal in size and appearance 

There was a thin purulent discharge from both ears, more from the right 
Both tympanic membranes were partially destroyed The bridge of the nose had 
a sunken appearance, probably due to a bulge in the frontal region The nasal 
passages were small due to evident swelling of the mucous membrane The breath 
was foul The alveolar arches were irregular and swollen and bled easily Only 
three teeth remained , they were the lower incisors and were loose and covered 
with tartar-like substance Tenderness and swelling were present over the 
maxillae, which added to the fulness of the lower portion of the face The tongue 
was heavily coated a light brown The throat was congested and a dull red. 
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with thick purulent mucus dropping from the posterior pharynx There was no 
evidence of tonsillar tissue The thyroid was not palpable 

The heart showed a maximum impulse in the fifth space 1 cm outside the 
nipple line Cardiac dullness was heard 1 cm to the right of the sternal border 
The sounds were clear and distinct Murmurs were not heard The pulse was 
small and easily compressible, with a rate of 126 The blood pressure was 
systolic, 80, diastolic, 40 The lungs were slightly hyperresonant throughout 
The breath sounds were loud and distinct, without prolongation of expiration 
Occasional coarse rales were heard in both bases The abdomen was moder- 
ately distended but not tender The spleen was not felt, and the area was not 
increased to percussion The edge of the liver was felt 3 cm below the costal 
margin m the mammary line The genitals were well developed and normal 
The spine showed slight prominence of the last dorsal vertebra The muscles 
of the extremities were small and flabby The hands and feet were normal m 
size and proportion Clubbing of the finger tips was not present There was 
slight edema of the lower extremities 

The knee reflexes were not exaggerated and were equal The Babmski, Kermg 
or Brudinski signs were not elicited The plantar reflexes were normal 

Routine laboratory examinations showed the following The urine was straw 
colored, cloudy and alkaline, with a specific gravity of 1012, albumin, sugar and 
acetone were absent The sediment showed a heavy deposit of phosphates 
The Bence-Jones albumose test was negative Examination of the blood showed 
hemoglobin (Dare), 57 per cent, red blood cells, 4,150,000, white blood cells, 
17,350 The differential count showed polymorphonuclears, 64 per cent, large 
mononuclears, 32 per cent, small lymphocytes, 4 per cent The mtradermal 
tuberculin test was negative The blood Wassermann reaction was negative 

Roentgen-i ay Examination (Dr L Reynolds) — On Dec 15, 1925, examination 
showed multiple cranial defects of both tables of the skull “The process involves 
especially the frontal and parietal, as well as the occipital bones, with the greater 
destruction taking place in the frontal bone The maxillae are also involved and, 
to a lesser extent, the mandibles The sella turcica is distinctly visible, there 
being some demineralization of the dorsum sella, but the pituitary fossa is of 
normal depth The chest examination is very interesting as it reveals a diffuse 
bilateral fibrosis, the fibrosis simulating to a marked extent the pneumonoconiosis 
seen in mine workers’ chests The heart is definitely enlarged, both the right 
and left sides participating” 

Clinical Diagnosis — The condition was diagnosed as membranous defects of 
the bones , exophthalmos and dwarfism Generalized xanthoma of a so-called 
visceral type was found 

Course — Dec 23, 1925 The patient had grown progressively weaker He 
complained occasionally of pain in the right side His cough was more distressing 
Cyanosis and dyspnea were extreme He was unable to sleep except when propped 
up m bed He had no appetite and refused even fluids He was almost con- 
tinuously nauseated, and had vomited several times The heart action was rapid, 
with a rate of 148 The pulse was small and easily compressible No apex 
impulse was felt, the sounds were faint The blood pressure was 70 systolic 
and 30 diastolic Edema of the dependent parts of the body had increased The 
boj was not thirsty, and passed little urine 

Laboratoi y Examination — At this time, the urine was clear and alkaline, with 
a specific gravity of 1 012 Albumin, sugar, acetone and diacetic acid -were absent 
Microscopic examination gave negative results, except for an excess of phosphates 
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The blood showed hemoglobin (Sahli), 64 per cent, red blood cells, 4,560,000, 
and white blood cells, 17,600 The differential count showed polymorphonuclears, 
73 per cent, large mononuclears, 20 per cent, and small lymphocytes, 7 per cent 

The patient was removed to Harper Hospital, Jan 1, 1926, where he failed 
rapidly and died the following morning The fatal termination was attributed to 
cardiac failure due to impaired circulation resulting from the extensive pulmonary 
fibrosis 

Autopsy Rcpoit (Dr P F Morse, Jan 3, 1926) —There was extreme pallor 
of the skin and marked exophthalmos of the type seen in cavernous sinus 
thrombosis The fingers, toes and lips were markedly ejanosed There was a 
serous discharge from both ears Palpation of the skull revealed many cranial 
defects m which the bone appeared to be missing 

When the head was opened, the scalp was found normal in appearance When 
the calvarium was exposed, there were numerous annular defects of the cranial 
bones which varied m size from 0 75 to 4 or 5 cm m diameter These defects 
had slightly wavy edges, but were fairly sharp The bone at the margin was 
firmer than normal and the defect itself was filled with a gummy, semicaseous 
bright yellow tissue of rubbery consistency The tissue appeared to be uniform 
in structure and on section presented the same appearance that it did externally 
When the skull cap was removed, it was found that the tissue was easily pushed 
out of these defects, leaving a somewhat ragged hole m the skull This tissue 
appeared to arise from and be continuous with the dura and to give the impression 
of a peculiar form of granulomatous tissue arising from the dura and invading 
the skull The brain was somewhat edematous The dura stripped easily from its 
superior surface When the brain was removed, a gross lesion of the brain 
substance or ventricular system was not discovered When the base of the skull 
was inspected, it was found irregularly covered over with these yellowish, granu- 
lomatous swellings which had destroyed a large portion of the bone of the base, 
extending forward into both orbits and completely surrounding the region of the 
hypophysis and destroying the sella turcica The nasal sinuses showed nothing 
of note When the temporal bone was opened, the tympanic membranes were 
found destroyed, and there was a marked atrophic inflammatory process of both 
middle ears without destruction of the bone 

When the body cavities were opened in the usual manner, the sternum appeared 
normal with a normal marrow content The heart was markedly enlarged and 
dilated, both right and left When the heart was removed, there was a moderate 
hypertrophy of the muscle of both ventricles and relative dilatation of the tricuspid 
and mitral rings, but no other cardiac lesion The first portion of the aorta and 
coronary vessels appeared normal The lungs were voluminous and felt fibrous 
to palpation The left lung was somewhat adherent over the posterior lateral 
aspect of the costal pleura, the adhesions being of the same peculiar yellowish, 
gummy nature that was noted in the granulomas of the skull When the lungs 
were removed, they were found distended and firm to the touch and on section 
presented a remarkable appearance The whole lung was a mass of communi- 
cating vesicular cavities These cavities varied in size from that of a pin head 
to that of a large pea The septums between the cavities were fibrous and inelastic 
The walls of the blood vessels were somewhat thickened The general appearance 
suggested a low grade pulmonary hypoplasia, or an intense or diffuse form of 
pneumonitis with marked emphysema 

When the abdomen was inspected, the liver was found to be about normal m 
size When it was sectioned, it did not present a remarkable appearance The 
spleen was normal Both kidneys were normal m size and on section presented a 



Fig 6 (case 1) — A shows chronic bronchopneumonia with patches of fibrosis and alternating 
patches of emphjsema, B, chronic bronchopneumonia with localized patches of fibrosis 
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normal relation of the cortex to the medulla The capsule stripped easil} The 
gastro-intestmal tract, including the pancreas, did not present gross pathologic 
changes The pelvic organs were normal When the ilia were exposed there was 
found m the cawty of the right ilium a yellowish plaque about 1 cm in diameter 
with a bone defect of the same character as that seen m the skull A similar 
>ellow plaque 2 cm in diameter protruded from the periosteum on the right side 
of the body of the first lumbar vertebra 

“Roentgen-ray study made of the skull cap at the time of the autopsy reveals 
in a striking way the cranial defects that were observed in the x-ray study of the 
skull during life some of the defects show a very sharp discrete outline of their 



Fig 7 (case 1) — Photomicrographic appearance of liver showing slight lip- 
oidosis of the liver cells with marked lipoidosis of the Kupffer cells 


‘bony borders,’ whereas others have a more or less moth eaten appearance This 
is especially true of the frontal bone on the right side ” (Dr L Reynolds ) 

Pathologic Repot t (Dr A S Warthin) —The th>roid gland showed a colloid 
content normal for this age, with undeveloped adenomatous tissue Throughout 
the gland, there were a number of sharpty circumscribed areas of proliferation 
of the stroma having an epithelial appearance in the center with some lipoidosis 
The suprarenals showed hypoplasia which was especially marked in the medulla 
Moderate lipoidosis of the cortical cells was present In the perisuprarenal 
tissue there were small areas of proliferating reticulo-endothelium The large 
epithelioid cells showed more lipoidosis and some pigmentation, thus resembling 
xanthoma cells In one section in the medulla were small areas of proliferating 
reticulo-cndothelial cells woth ljmphocjtic infiltration 
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The lymph nodes showed lymphoid exhaustion of the germ centers Prolif- 
eration of the reticulo-endothehum with lipoidosis and slight pigmentation was 
present The proliferation of the reticulo-endothehum and lipoidosis varied greatly 
in the different nodes, being quite marked in some, while others showed them to a 
slight degree All through the retroperitoneal tissue there were bands and strands 
of this atypical tissue 

The kidneys were congested with edema and some lipoidosis of the renal 
epithelium Small concretions of lime salt were found in some of the tubules 
Proliferation of the reticulo-endothehum and lipoidosis were not found 

Sections from the brain did not show any pathologic change except slight 
edema 

The liver presented marked passive congestion There was slight lipoidosis 
of the liver cells, more marked in the periphery of the lobules, and some atrophy 
of the cells Many lipoid Kupffer cells were found 

Chronic bronchopneumonia, with localized patches of fibrosis and alternating 
patches of emphysema, was found in the lungs The reticulo-endothelial cells 
around the pulmonary vessels showed the same hyperplasia and lipoidosis seen 
elsewhere, and projecting into the larger bronchi were papillary overgrowths of 
fibroblastic tissue and reticulo-endothelial tissue showing lipoidosis The pleura 
was thickened with reticulo-endothelial hyperplasia and lipoidosis 

The muscle fibers of the heart were fairly well developed for this age Little 
lipoidosis of the muscle and no reticulo-endothelial proliferation and no lipoidosis 
in the stroma were found The testes were apparently normal for the age 
Lipoid cells were not found in the testes or epididymis 

The pineal gland was edematous and congested Lime salt deposits or lipoid 
cells were not present 

The bones showed atypical marrow There was reticulo-endothelial hyper- 
plasia with many multmuclear giant cells and many lipoid cells Rarefaction of 
the bony trabeculae was found (The bone absorption resembled that seen in some 
cases of osteomalacia ) 

The dural plaques consisted of masses of lipoid-contaming cells of reticulo- 
endothelial type resembling xanthoma Throughout were numerous multmuclear 
giant cells In old tissue of the dura were numerous small calcareous concretions 
In lipoid masses were areas of cholesterol crystal formation, with cholesterol 
clefts and with many multmuclear giant cells Giant cells, evidently foreign body 
giant cells, surrounded the cholesterol crystals These plaques did not suggest 
infectious granuloma but resembled xanthoma or masses of cells of the xanthoma 
type, and probably consisted of proliferated reticulo-endothelial cells with 
cholesterolosis Fat stam showed cells to be loaded with lipoids 

Case 2 — Histoiy — R R, a white boy, aged 3 years and 11 months, was 
referred for further study from the clinic of the Children’s Hospital of Michigan, 
Feb 14, 1926 

The parents vere hung and well They had three other children, aged 11, 
9 and 7 3 ears, respectn ety The oldest, a boy, had rheumatism and chronic 
cardiac disease The maternal grandmother was operated on for cancer of the 
breast when she was 50 The maternal grandfather suffered from kidney stone 
The paternal great grandfather died with diabetes mellitus The family historj r 
did not show evidence of tuberculosis, sjqihilis, asthma or renal disease There 
was no further histoo of cardiac disease, diabetes or malignant disease 

Both the pregnancy and the birth had been normal The patient had been a “fine 
strong bab 3 ’-,” weighing 8 % pounds (3,968 94 Gm ) He had been breast fed for 
four weeks, and then was given a mixture of cow’s milk, milk sugar and lime 
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water He did not recene cereals or cod lner oil, but was gnen orange juice 
from the age of 3 months on, and \egetables and broth during the latter part of 
the first _\ear Atter the first three months, he de\ eloped rapidly, had teeth at 
6 months, stood with support at 8 months and walked at 14 months He did not 
catch cold easili or haie sore throat There were no illnesses during the first 
jear He had a moderateh seiere attack of pertussis when he was 1 J A }ears old 
When he was a little under 2 years, he became irritable, complained of a sore 
mouth, began to ask for water frequently and to pass large amounts of urine 



Fig 8 (case 2) — Left exophthalmos, normal proportions of body 

His mother ascribed these symptoms to teething When 22 months old, he was 
standing m a rocking chair and tipped o\er sidewise striking his head For three 
or four days following this, he was drowsy, irritable complained of pain and 
slept a good deal The soreness of the mouth grew worse, and se\ eral of the 
teeth loosened and came out At 26 months he had a second fall, after which 
considerable swelling appeared o\er the frontal bone This was again followed 
by drowsiness and some stupor About this time he had suppuratne otitis media 
on the left side The symptoms of thirst and frequent urination were \anable 
His mother stated that if he were allowed to drink at the tap he would some- 
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times fill himself until he complained of pain and finals vomited clear water 
She estimated that he passed from 6 to 8 quarts (5,678 to 7,570 cc ) of urine 
dailj and that he asked for a drink of water e\er> hour When 2 years and 6 
months old, on Sept 12, 1924, he was admitted to the Children’s Hospital of 
Michigan Examination showed a well nourished boj, who did not appear sick 
but who was irritable and fussy In the left parietal region a cranial defect the 
size of a nickel was noted, also small palpable glands involving the posterior cer- 
\ical chain His abdomen was slightly distended The rest of the physical exam- 
ination ga\e negatne results 

Laboratory and Special Examinations (from the Children’s Hospital record) — 
The urine was clear and alkaline, with a specific gravity of from 1000 to 1 003, 



Fig 9 (case 2) — Lett exophthalmos 

albumin and sugar were not present The Bence-Jones albumose test was nega- 
tite on repeated examinations Microscopic examination gave negative results 
Examination of the blood showed red blood cells, 3,850,000, white blood cells, 
9,800 The differential count showed polvmorphonuclears, 71 per cent, large 
mononuclears, 3 per cent, small lymphocytes, 26 per cent The urea nitrogen 
v as 16 mg per hundred cubic centimeters The blood sugar w'as 60 mg per 
hundred cubic centimeters The blood Wassermann reaction was negative Two 
dextrose tolerance tests showed blood sugar yvell within normal limits The 
amount of urine was not increased bj the test, nor did the sugar appear in the 
urine. The response to pituitary was pronounced at first, but the dosage had to 
be increased and was discontinued before the patient left the hospital, because 
the therapeutic effect was not satisfactory The Pirquet test was negative The 
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cerebrospinal fluid was clear and came under normal pressure The cell count 
was 8 per centimeter, the globulin and the spinal fluid Wassermann tests were 
negative 

X-iay Examination — A report on Sept 16, 1924, stated “The skull shows 
evidence of multiple cranial defects One large defect involves the entire base 
of the skull and fronto-temporal region on the right side The process has 
entirely destroyed the floor of the sella, only the anterior clinoid processes and 
dorsum sella remain as landmarks A large defect also appears m the left 
parietal region near the vertex of the skull with a smaller one in the vertex 
There is evidence of involvement of the fifth rib on the right side in the posterior 
axillary region No involvement of the long bones, but an area of decreased 
density in the right ilium ” 

During the patient’s stay of more than two months in the hospital, his tem- 
perature ranged from 97 6 to 99 7 F, with an occasional unexplained elevation 
as high as 101 For about a week, there was moderate elevation of temperature, 
resulting from a small abscess in the right buttock which was opened and drained 
A rise also occurred following resection of a portion of the fifth rib which, 
according to the x-ray reports, showed changes similar to those in the skull 
A specimen was taken for microscopic examination, but a report was not made 
The pulse rate varied from 110 to 140, and the respirations, from 24 to 30 a 
minute The weight fluctuated considerably with variations in fluid intake and 
output, but it was 23 pounds and 7 ounces (10,631 Gm ) on admission and 21 
pounds and 14 ounces (9,922 Gm ) on discharge 

The following possibilities were considered in the diagnosis at this time 
“Luetic destructive process, sarcoma or myeloma Patient discharged Nov 20, 
1924, unimproved, to return when the condition became more serious ” 

When I first saw him, on Feb 14, 1926, fifteen months after he left the 
hospital, the patient had not had any acute illnesses His appetite and digestion 
were good He complained of only moderate thirst and passed from 6 to 8 quarts 
of urine in twenty-four hours His mother had noticed that he had not grown 
like her other children Besides polyuria and polydipsia, his chief complaint 
was sore mouth His mother had not noticed the fact that the left eye 

protruded more than the right eye, but she said that the soft spot on the 

head had increased in size There had not been any complaints of headache, 
digestive upset, visual disorder, diplopia, vertigo, fainting spells or convulsions 
The mother thought that the hearing was acute and the mental state normal 

Physical Examination — The boy appeared fairly well, and was not in pain or 
distress, though he was irritable and fussy The nutrition and color were fairly 
good The skeletal proportions were normal, though small for his age He 
weighed 28 pounds (12,690 5 Gm), and was 35 inches (88 9 cm) tall The 

temperature was 99, pulse rate, 116, and respirations, 26 The skin was clear, 

elastic and dry, without any eruptions The panmculus was well developed, with- 
out abnormal deposits of fat The glands were not enlarged The head was 
symmetrical and square in type, with a normal amount of light brown hair On 
palpation, an irregular oblong defect was felt in the skull in the left parietal 
region near the vertex, 3 by 4 cm The edges were sharply defined There was 
little, if any, tenderness on pressure The left eye was slightly more prominent 
than the right The pupils were equal and regular and reacted to light and m 
accommodation , the sclerae were blue , photophobia, diplopia, nystagmus, or palsies 
of the extrinsic eye muscles were not present Von Graefe’s sign was not present 
The fundi appeared normal The ears were normal The nose was small, its 



Fig 10 (case 2) — A shows bone defect in parietal region and extensive defect 
at base of skull, Sept 16, 1924, as compared with A, B shows a gradual increase in 
the bone destructive process at the vertex and base of skull and in the maxillae, 
Nov 1, 1924 




Fig 10 (case 2) — On Feb 20, 1926 the lateral aspects show that the bone 
defects at the vertex and base of skull are much more extensive than on exami- 
nation seventeen months before , C, right side, and D, left 



Fig 10 (case 2 ) — E shows, on Oct 27, 1927, the remarkable regeneration of 
bone m the areas which showed progressive bone destruction twenty months before, 
F shows the remarkable degree of bone regeneration on Nov 27, 1927, twenty 
months after examination in D 
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passages were narrow, the mucous membranes were swollen, and there was a 
slight nasal discharge The mouth was small , the gums were swollen and tender, 
bled easily and were retracted from the teeth All the molar teeth m both the 
upper and the lower jaw were loose The teeth appeared normal Pus could 
be expressed about some of them The tongue protruded in the median line 
without tremor The tonsils were moderately enlarged and with the pharynx 
were congested The voice was of good quality The neck did not show abnormal 
pulsations The thyroid was not palpable The heart showed an apex impulse 
in the fifth space just inside the nipple line The action was regular, the sounds 
of good quality, and no murmurs were present The lungs showed good resonance, 
and normal breath sounds were heard throughout The abdomen was moderately 
distended but not tender The spleen was not felt The edge of the liver was 
palpable below the costal margin m the nipple line The superficial and deep 
reflexes of the extremities were all normal The genitals were normally developed 
Rocntgcn-Ray Examination (Dr L Reynolds) —On Feb 20, 1926, roentgen-ray 
examination revealed “Marked extension of the bone erosion which has involved 
the right and left parietal bones The process has extended posteriorly and now 
involves the temporal bones on both sides, continuing on the right side as far as 
the occipital bone in the region of the lateral sinus There is definite involve- 
ment and destruction of the mastoid cells, excepting one or two cells seen m the 
region of the antra which are still pneumatic In the film taken in the postero- 
anterior plane one is able to note the rather extensive process which has involved 
the supra-orbital plate on both sides, this process being more extensive on the 
right side, where there is very definite involvement of the frontal bone and exten- 
sion into the superior and lateral orbital ridges The maxillae are also involved 
There is erosion of the lateial wall of the left maxilla and clouding of the ant- 
rum The chest examination leveals evidence of repair of bony structure m the 
shaft of the fifth rib in the posterior axillary line, at the point where specimen 
was removed for biopsy However, there has been an extension of the process 
anteriorly m the shaft of the fifth rib None of the other ribs are seen to be 
involved and all the long bones are normal m appearance ” 

A determination of the blood serum cholesterol at this time gave a value of 
315 mg per hundred cubic centimeters (Myer-Wardell method) 

Clinical Diagnosis — The condition was diagnosed as membranous bone defects, 
exophthalmos, diabetes insipidus, and generalized xanthoma of a visceral type 
Laboiatoiy Study and Special Examinations — On April 18, 1926, the patient 
was admitted to Harper Hospital In general these examinations corresponded to 
those previously made The urine was amber, acid and negative for albumin and 
sugar, with a specific gravity of 1 000 to 1 004 It varied m daily amount from 
5,000 to 6,000 cc Under the administration of sodium chloride, there was little 
tendency to concentration, and the sodium chloride was readily excreted The 
Mosenthal test demonstrated the large increase m excretion of water and that 
the amounts excreted during the day and night were m normal relation The 
excretion of chloride and nitrogen was within normal limits Solution of pituitary 
given by mouth had no effect, but obstetric pituitary solution given hypodermically 
reduced the amount of urine to normal and did not materially affect the specific 
gravity The dextrose tolerance test showed fasting, 0 087 per cent, one hour, 
0117 per cent, three hours, 0 083 per cent The urine was not increased, and 
sugar did not appear m the urine Examination of the blood showed hemoglobin 
(Sahli), 68 per cent, erythrocytes, 5,600,000, leukocytes, 13,500 The differential 
count showed polymorphonuclears, 67 per cent, large mononuclears, 7 per cent, 
small lymphocytes, 24 per cent, and eosinophils, 2 per cent Six separate exami- 
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Fig 11 (case 2) — A shows erosion m fifth rib on the right side, on Nov 6, 
1926, D almost complete healing, on Nov 27, 1927, of erosion m fifth rib on 
right side with formation of callus where specimen for biopsy was taken 
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Fig 11 (case 2) — C shows extensne bone destruction about the orbits, espe- 
cial!} marked on the left side, on April 26, D, extensne destruction imohing the 
right mastoid, on April 26, E, extensne bone destruction lmohmg the left mastoid 
and base of skull, on April 26 
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nations of blood cultures gave negative results, one showed contamination, and 
two anaerobic cultures were negative Blood chemical determinations showed 
nitrogen, 23 mg , sugar, 60 mg , calcium, 9 mg , uric acid, 4 mg , cholesterol, 
256 mg , fatty acids, 400 mg , all per hundred cubic centimeters of blood serum 
The spinal fluid showed cell count, 8 , globulin, negative , colloidal gold, 
000000000, Wassermann, negative, cultures from the fluid did not show growth, 
and injection into guinea-pigs gave negative results Intradermal tuberculin tests 
were negative Basal metabolism tests were attempted but were considered 
unsatisfactory Pharmacologic tests, in which varying doses of anterior lobe 
pituitary and obstetric pituitary solution hypodermically were used, did not give an 
unusual reaction that could not be regarded as normal, suggesting that a dis- 
turbance of pituitary function had not occurred 

Gioivth Chat actenstics (Dr C J Marinus) — On April 22, 1926, examination 
showed “The face is definitely square in type, some flattening of the nose, small 
mouth, eyes slightly suggestive of mongol type Skin definitely dry Hands and 
feet good size and proportion Measurements Circumference of head around 
forehead, 19 inches, vertical across the jaws, 20 inches, largest circumference, 
21 inches Neck, 9J4 inches, shoulders, 20)4 inches, chest, 20 inches, abdomen, 
19 inches Span, 34)4 inches, sitting height, 19)4 inches, lower half, 16)4 inches, 
upper arm, 9)4 inches , lower arm, 10)4 inches , thigh, 10)4 inches , leg, 10 inches 
These measurements are normal, the height being slightly greater than the span, 
and the lower half somewhat less than the upper half There is no evidence of 
insufficiency of anterior lobe of pituitary as shown by bone development There 
is no deficiency of posterior lobe as shown by lack of fat changes The dryness 
of the skin is that usually seen in diabetes insipidus due to disturbed water 
balances rather than that due to thyroid insufficiency At the present time this 
patient does not show any developmental changes characteristic of pituitary disease 
There is a moderate dwarfism which is, however, not characteristic in type The 
signs, by which I am accustomed to diagnose pituitary insufficiency, do not usually 
appear before the age of 8 This case is of particular interest, because the x-ray 
examination presents positive evidence of pituitary damage and because of 
the diabetes insipidus The proportions, m anterior lobe deficiency, tend to resemble 
those of infancy, so that in a patient of this age it is impossible to say whether 
the decrease in height is due to pituitary insufficiency or falls m the class of 
true dwarfism ” 

Ophthalmologic Examination (Dr Parker Heath) — On April 24, 1926, exami- 
nation showed “Vision in each eye, as determined by objects, is normal for 
distance and near Convergent power normal, no paralysis of extrinsic muscles 
Pupils equal in diameter and react promptly to light and in accommodation, con- 
sensual reflexes are present The left eye is slightly more prominent than the 
right, being proptosed approximately 2 mm There is none of the lid lag sign 
found m exophthalmic goiter Neither globe is congested Ophthalmoscopic 
examination of the right eye pupil dilates evenly, media clear, disk normal m 
color, rings slightly blurred, vessels normal in caliber and course, foveal reflexes 
present The left eye is essentially the same The mechanism of the exoph- 
thalmos, judging from x-ray plates, may be due to letting go of the apex of the 
orbit, as suggested by a previous observer ” 

Roentgen-iay Rcpoit (Dr L Reynolds) —On Oct 27, 1927, the report stated 
“At this time there has been a striking change The previously noted large cranial 
defects show complete bony degeneration, except for a very small discrete area 
in the left parietal bone, where a large defect was formally observed One is 
able to make out only the faintest cranial defect and this is limited to the inner 



ROWLAND— XANTHOMATOSIS 


635 


table The very large defects noted m the region of the anterior and middle 
fossa on the right and left sides show complete regeneration There has been, 
however, no attempt at repair of the sella turcica, although the supra-orbital 
plates show distinct bony repair The pelvis and long bones reveal no evidence 
of abnormality, and at no time has there been any destruction of the long bones, 
other than the shaft of the fifth rib on the right side ” 

Com sc —On Nov 8, 1927, the patient appeared well, was lively and had a good 
color Measurements showed that he had gained 2> l / 2 inches (8 8 cm ) m height 
during the past year The exophthalmos had noticeably receded The soft spot 
m the left parietal region was markedly reduced in size, so that it could be 
located only with difficulty The sinuses and teeth were m good condition The 
boy rarely asked for water and passed less than 3 quarts (2,839 cc ) of urine 
during the day and about half this amount at night, in comparison with twice 
that much a year ago A determination of cholesterol showed 111 mg per hundred 
cubic centimeters of blood serum 

RESUME OF CASES SHOWING CHRISTIAN’S SYNDROME 

In 1919, H A Christian, under the title “Defects in Membranous Bones, 
Exophthalmos and Diabetes Insipidus — an unusual Syndrome of Dyspituitarism,” 
reported a case presenting this syndrome and cited two similar cases previously 
described by Schuller Since then Hand has recorded three cases, including one 
of Kay’s Grosh and Stiffel, Thompson, Keegan and Dunn, Danzer, and Kyrk- 
lund have each reported one case 

The syndrome is so striking and the symptomatology so similar that there can 
be no doubt of their representing the same disease as that in the two cases I have 
just described 

Christian’s patient, a girl, aged 5 years, was normal and healthy until 3 years 
of age At this time her teeth became loose and her gums swollen and 
tender She had never been ill, except that she had mumps three or four months 
previously When she was Z l / 2 years old she developed thirst and polyuria, and 
the right eye became prominent Examination at 5 years showed defects m the 
bones of the skull, exophthalmos, loose teeth with swollen gums, some of the teeth 
missing, and typical diabetes insipidus The Wassermann and tuberculin tests 
were negative Neurologic symptoms were not present Christian considered the 
condition as probably due to disturbed pituitary function 

Schuller’s first patient, a boy aged 16 years, had a severe fall on the abdomen 
at the age of 6 years Following this accident he suffered nocturia His growth 
was retarded and he later developed the picture of dystrophia adiposogenital is 
When he was 12 years old, a discharge began from his left ear Exophthalmos 
was first observed at the age of 15 years Examination showed extensive cranial 
defects On both sides of the neck above the clavicle were “fatty tumors ” 
Schuller ascribed the condition to a tumor at the base of the brain, an angioma 
of either the dura or skull bone 

Schuller’s second patient, a girl of 4 years, was normal up to the age of 
1J4 years, when she had whooping cough When 2 years old she developed 
thirst and polyuria, and exophthalmos was first noted She was under observation 
for a number of years, during which time there was some retrogression in the 
defects of the skull The diagnosis was “anomaly of the skeleton resulting from 
disease of the hypophysis ” 

Hands first patient was a boy, aged 3 years, who complained of thirst and 
polyuria, which had begun eight weeks previously He had enterocolitis at 5 
months and measles and croup at 2 years The child was undersized and poorly 
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nourished, with light brown hair and bronzed dty skin The skin of the abdomen 
was covered with petechiae and “an eruption something like scabies ” Later these 
spots increased in number and were elevated, appearing over the body and 
extremities His eyes were m a condition of exophthalmos, giving him a “frog- 
lihe” appearance Polyuria and polydipsia were pronounced At autopsy, when 
the scalp was removed, a yellow nodule the size of a five cent piece was noticed 
near the right parietal eminence When the skull cap was removed, this nodule 
was seen on the inner side, evidently arising from the dura, besides other similar 
areas eroding the skull The lymphatic glands in the mesentery, mediastinum and 
all through the body were enlarged Bronchopneumonia of both lungs, caseous 
pleuritis of the right lung and warty endocarditis of the mitral valve were found 
In the pelvis of each kidney was a hard yellow mass The diagnosis at the time 
was tuberculosis, but Hand stated that he doubted the diagnosis himself 

Hand’s second case, originally reported by Kay under the title “Acquired 
Hydrocephalus with Atrophic Bone Changes, Exophthalmos and Polyuria,” was 
in a boy, aged 7 years, who was healthy up to 4 years, at which time he had 
scarlet fever followed by a persistently discharging right ear Four months after 
he had had scarlet fever, he had swollen cervical glands When he was 4J4 years 
old, the “gums began to separate from the teeth ” This was followed by gradual 
loss of Ins teeth, beginning with the molars At the same time soft spots appeared 
on the head where there seemed not to be any bone When he was about 5 years 
old, exophthalmos was observed and shortly afterward polyuria and thirst suddenly 
developed He passed 27 quarts of urine daily He was much undersized 

for his age It was observed that his breathing was stertorous The bones were 

normal except for extensive cranial defects and similar changes in the maxillae 
Kay evidently thought that the condition was due to a tumor at the base of 
the bram 

Hand’s third case was in a boy, aged 4 years, who had had a tumor-like 
swelling removed from the left parietal region at the age of 2 years There had 
been an absence of bone at this point, and the mass appeared to have arisen from 

the dura The pathologic report of the tissue removed was “No gumma, no 

sarcoma, slight degree of inflammation, mainly a myxomatous change ” Since 
then other swellings had appeared and exophthalmos, greater on the left side, 
had developed In this report Hand stated that “no polyuria has developed as yet ” 
The x-ray showed marked cranial defects, but “no involvement of the sella 
turcica,” and “so no symptoms of diabetes insipidus ” 

Grosh and Stiffel’s patient, a girl, aged 7 years, was weak and did not develop 
from the second year She was markedly underweight and underheight At 6 
rears she began having trouble with her teeth and with the left mastoid, which 
was opened and drained Her mouth became sore with a bullous eruption on the 
gums, v Inch necessitated the removal of some of the unerupted permanent teeth 
Seven weeks after the operation on the mastoid she suddenly developed polyuria 
and thirst Examination showed a bad condition of the teeth and gums, extensive 
cranial defects, dwarfism, typical diabetes insipidus and unilateral exophthalmos 
There were similar bony defects of the maxillae and left ilium When she was 
obserr ed three vears later, there was hardly any increase m her size, no obesity and 
the genitals were normal The left ear was still discharging The cranial defects 
had increased slightly There was no x-ra> evidence of involvement of the sella 
turcica 

Thompson, Keegan and Dunn’s patient was a pale, poorly nourished boy of 
9 jears At the age of 7 l A years, he had a severe attack of measles Following 
this, he was in a weakened condition and the gums became sore and the teeth 
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loosened Six months after the measles, excessive thirst and polyuria suddenly 
developed, persisted for only a few days and then disappeared At this time, soft 
spots on the right side of the head were observed A year after he had had 
measles, polyuria and thirst again appeared The boy was emaciated, with a sallow 
skin There was moderate exophthalmos, marked gingivitis and clean and sound 
but loose teeth The x-ray showed extensive bony defects of the skull, described 
as “geographical skull ” The sella turcica appeared normal, but there were exten- 
sive similar defects in the maxillae, pelvic bones, upper portion of the right femur 
and ribs The body of the fourth lumbar vertebra was collapsed A tentative 
diagnosis of multiple myeloma was made This patient was under observation 
about eighteen months, during which time he grew progressively worse He 
became pale and emaciated, suffered from backache and pain in the left hip and 
walked with a marked limp, listing forward to the left Exophthalmos was 
marked The entire skull was soft and doughy, with only an irregular framework 
of supporting bony ridges The gingivitis was severe, and the teeth were held 
by soft investing tissue as the alveolar processes had been absorbed The x-ray of 
the chest revealed a diffuse increase in density, characteristic of chronic interstitial 
pulmomtis As death approached, the cough and dyspnea became more trouble- 
some The end came suddenly, and was attributed to impaired circulation incident 
to intense pulmonary fibrosis At autopsy, the scalp showed fibrous adhesions 
The inner surface of the dura was mottled by dull yellowish white tissue, which 
took sharlach R fat stain The large yellow infundibulum stalk was fibrosed 
There was involvement of the petrous portion of the mastoid and the middle ear 
The ethmoid cells were obliterated by the same tissue growth The pathologic 
diagnosis in this case was “exophthalmos, decalcification of bones, fibrosis of the 
tuber cinereum , slight subacute inflammation of the pars posterior of the pituitary 
gland , chronic interstitial fibrosis of the lungs , hypertrophy of the heart , chronic 
passive congestion of the liver and spleen, hypertrophy of the kidneys and blad- 
der” From their histologic study, Thompson, Keegan and Dunn considered the 
condition “inflammatory, rather than degenerative or a primary metabolic (endo- 
crinologic) process ” 

Danzer’s patient was a boy, aged 4 T /2 years, who had recently had his tonsils 
removed He was miserable, having had repeated attacks of sore throat Two 
months after the operation, his mother first noticed soft tender spots on his head 
He was pale and stoop-shouldered, with exophthalmos, bad teeth, spongy gums 
and many soft spots on his head He complained of thirst and polyuria, which 
had evidently developed suddenly a year after the soft spots were first observed 
The x-ray showed extensive cranial defects and similar changes in the maxillae 
Danzer made no comment regarding the bones of the rest of the body and did not 
discuss the etiology 

Kyrklund’s patient, a girl, aged 12 years, was normal up to the age of 2 years, 
at which time she developed a cough, began breathing rapidly and became 
emaciated At 4 years she developed thirst and polyuria At the age of 7, she 
suddenly became fat, walked stiffly and complained of pain in the legs The 
skin of the head was so tender that she could not stand having her hair combed 
Growth was noticeably retarded, as was mental development She was dyspneic 
Her lips, hands and feet were cyanotic She had the typical appearance of 
dystrophia adiposogemtahs Examination showed that there were numerous 
cranial defects The long bones were normal The teeth were in bad condition 
and exophthalmos was present At autopsy, the scalp was adherent to the cal- 
varium around the soft areas and when separated, yellow detritus-like material 
flowed out leaving cystlike depressions The inner table in these places was 
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eroded and the space filled with brownish yellow tissue arising from the dura The 
dura had grown firmly to the inner table and showed yellowish brown, tumor-like 
thickenings The region of the hypophysis did not show macroscopic changes, but 
there were growths in the brain stem behind the hypophysis of the same brownish 
yellow color There were extensive changes in both lungs and pleura “The 
structure of the lesions, on the whole, was similarly formed of connective tissue 
cells, part round cells, and some spindle cells Lesions in the brain stem contained 
irregularly formed giant cells The histological process did not simulate tuber- 
culosis ” Kyrklund considered the “condition due to a tumor of sarcomatous 
nature,” and believed the “diabetes insipidus secondary to the growth in the 
region of the hypophysis ” 

CHRISTIAN’S SYNDROME AND XANTHOMATOSIS 

I first associated this series of cases with xanthoma on purely 
clinical grounds In 1922, Griffith reported “A Case of Xanthoma 
Tuberosum, with Early Jaundice and with Diabetes Insipidus ” His 
patient showed defects of the membranous bones, exophthalmos and 
diabetes insipidus, as well as cutaneous lesions of xanthoma Later this 
patient came to autopsy, and was studied caiefully by Wiedman and 
Freeman 

Xanthoma, supposedly a raie disease, has been the subject of a 
sui prising amount of study While this adds a great deal to the better 
understanding of the varied problems of xanthoma, the many researches 
lack the clinical evidence, which this unique group of cases, “Defects in 
Membranous Bones, Exophthalmos, and Diabetes Insipidus,” might 
contribute 

HISTORICAL CONSIDERATION OF XANTHOMA IN RELATION 
TO CHRISTIAN’S SYNDROME 

As there is little discussion of xanthoma m works on general 
medicine and so much of interest in the dermatologic and special 
pathologic literature, a consideration of the investigations which have 
led up to the present interpretation of this process is important A 
study of the anatomic and microscopic features will establish the 
identity of this unique syndrome, as well as contribute to a better under- 
standing of the pathogenesis 

GENERAL ACCOUNT OF THE CLINICAL PICTURE 

Constitution — Several clinical forms of this condition, character- 
ized by yellow to yellowish brown lesions containing special large cells, 
have been observed and described in the dermatologic literature, the 
one most frequently noted being the familiar orange yellow plaques or 
nodules on the eyelids xanthoma or xanthelasma palpebrarum This 
variety occurs most often in adults past middle age Less often, and 
especially in young children, a generalized eruptive form, xanthoma 
multiplex, is seen Associated with the cutaneous manifestations are 
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tendinous, pei itendinous and penarticular lesions xantho-myeloma of 
the tendon sheaths At tunes a special generalized eruptive foira 
appears m glycosuric subjects xanthoma diabeticorum In a few 
instances, as a lesult of studies made at autopsy, nodules and plaques 
involving certain internal structuies aie obseived geneiahzed visceral 
xanthoma or xanthomatosis The lesions m this type may appear on 
the various mucous membianes, theie may be involvement of the caidio- 
vasculai system, especially the mnei walls of the largei vessels and 
heart valves, 01 of the serous sui faces, the periosteum, pleura, pen- 
cardium, capsule of Glisson, dura and peutoneum Finally, theie are 
instances m which, as a lesult of histologic study, the mesenchymal 
portion (leticulum and endothelium) of certain organs — the liver, 
lymph nodes, spleen, bone maiiow, supraienals, hypophysis, thymus, 
pancreas and lungs — aie found to be affected by the piocess This 
fonn occuis at all ages and is fiequently associated with icterus, gly- 
cosuria or diseases of the kidney in adults In young childien m 
whom icteius and glycosuria aie rare complications, these cases are 
often congenital or theie is a family histoiy This type is obseived 
sometimes with, often without, skm manifestations 

Genet al Comment — Xanthoma was first described by Rayer, m 
1836, undei the French title — “Plaques jaunatres des paupieres ” Six- 
teen years later, Addison and Gull published their monogiaph “Vitiii- 
goidea ” In 1863, Erasmus Wilson pioposed the name xanthelasma, 
meaning yellow plaques, and W F Smith, m 1869, because of the 
tumor-like appeal ance of the yellow nodules, gave the name now 
geneially used, xanthoma 

The early study was, foi the most part, clinical, and was concerned 
with the sepai ation of the diffeient forms, the consideration of symp- 
tomatology and the leport of interesting cases Addison and Gull 
first descnbed the multiplex vanety, studied the relationship to diseases 
of the liver, and observed a case associated with glycosuna Balzer 
descnbed the tumoi-like foims arising from tendinous, peritendinous 
and penarticular surfaces The woiks of Pye-Snuth, Murchison, Fagge, 
Crockei, Chambaid and others made known the mucous membrane and 
visceral localizations as they occui in adults To these varieties 
Hutchinson, Sangstei and Ciocker, a committee appointed by the Lon- 
don Pathological Society m 1882, added juvenile xanthoma, separated 
because of its occurrence before puberty 

Crockei published a good clinical leport of the early deimatologic 
literatuie, and recently G Levy reviewed the entire subject Weber and 
Stewai t presented suggestive clinical discussions , Wustmann, a considera- 
tion of the histopathogenesis of the nodular lesions , Aschoff, Rammer, 
Ivawamuia, Chalatow and Verse have made important contributions 
In our own literature, Beeson and Albiecht have reviewed the multiplex 
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variety, and Knowles and Fisher, this form as it occurs m early child- 
hood McWhoi ter and Weeks have considered the tumor-like forms 
arising fiom tendon sheaths from the surgical point of view Major 
has reviewed the cases associated with glycosuria, and recently Oppen- 
heimei and Fishberg have discussed a case of this type in its relation 
to the reticulo-endothelial system Their patient was a girl, aged 6 
years, who had extensive visceral involvement 

Symptomologic Considei ations — Many cases of unusual clinical 
intei est with lesions not confined to the skm were recorded m the early 
literature Von Graefe and Virchow observed yellow plaques on the 
mucous membranes of the cornea and conjunctiva A patient of Pusey 
and Johnstone had corneal involvement Crocker observed yellowish- 
white patches on the tongue of an infant, aged 3 months Dyer and also 
Fordyce saw patients with involvement of the lips and buccal mucous 
membranes Posner’s patient had lesions of the gums and palatine arch 
In Hardaway’s patient, besides involvement of the penis, scrotum and 
the area underneath the nails, the xanthomatous eruption was dis- 
tributed like herpes zoster over the ninth and tenth ribs Kreibeck 
recently described a similar zosteriform xanthoma associated with 
lesions of the mucous membranes and skm Pusey and Johnstone’s 
patient also had nodules in the larynx Murchison recorded a case in 
which lesions of the skm weie associated with nodules the size of peas 
about the hilum of the liver and splenic capsule, both these organs 
being enlarged as well as the lymph nodes and the spleen There were 
also yellow patches on the heart valves and yellow areas m the posterior 
wall of the stomach In addition to an extensive eruption of the skm, 
Py e-Smith obseived xanthoma-like areas on the mucous membranes, 
peritoneum and about the hilum of the liver and splenic capsule, 
“associated with jaundice” As early as 1872, however, he noted that 
it was not real jaundice and remarked that “the lesions about the gall- 
bladder looked like atheroma of the arteries ” 

Chm cal and Symptomologic Considei ations Concei nmg Syndi ome — 
There are a number of cases recorded m the literature that are of interest 
in connection with the syndrome I have described Notable among these 
is a somewhat similai gioup occuinng m adults, with extensive involve- 
ment of the serous surfaces, reported by Pioescher and Meredith, 
Dietrich, and Nothen 

Dietrich’s patient had exophthalmos and was thought to have had 
some pulmonary disease He died of cardiac failure The autopsy 
repealed what Dietrich called fibroxanthosarcoma There were retro- 
peritoneal masses extending along the spine from the abdominal to 
the thoracic cavity Yellow nodules, the size of kernels of corn, were 
thickly scattered ovei the surface of the liver, splenic capsule, the pleura 
and pericardium Larger yellow masses were found in both orbits and 
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sui rounding the vessels at the base of the brain The hypophysis was 
pushed out of the sella turcica by the “tumor masses ” 

Yellow, tumor-like, xanthoma nodules involving the dui a and some- 
times associated with exophthalmos have also been mentioned by Pmkus 
and Pick, Knch and Webei and Schmidt 

Theie is no mention of diabetes insipidus m Pioeschei and Mere- 
dith’s, Dietuch’s, 01 Nothen’s cases, but such cases have been recorded 
by Ciockei, Futchei, Spillmann and Watnn, Pusey and Johnstone, 
Turner, Davidson and White and Griffiths Probably the patients of 
Weber and Schmidt, Siemens and Fahr and Stamm had this com- 
plication 

Crockei’s patient had diabetes insipidus and “gouty tendencies” 
Futcher’s patient was an adult and had xanthomatous changes involv- 
ing the hilum of the livei, with jaundice as well as diabetes insipidus 
Besides extensive lesions of the skin the case of Turner, Davidson and 
White showed involvement of the tongue, epiglottis, trachea, bronchi, 
lungs, mucous membranes of the stomach, mediastinum and pituitary 
legion This patient also had diabetes insipidus with yellow xanthoma 
nodules suriounding the hypophysis Pusey and Johnstone’s patient, 
a boy, aged 17, besides extensive xanthoma lesions, showed a marked 
degiee of dwaifism as well as diabetes insipidus Spillmann and Wat- 
nn’s patient, a girl, aged 9 years, with generalized papular xanthoma, 
was undersize for her age She had thirst and polyuria 

Both Pusey and Johnstone’s and Spillmann and Watrm’s cases 
showed featuies similar to those of “Christian’s syndiome,” but Grif- 
fith’s case, already lef erred to as representing “defects m membranous 
bones, exophthalmos and diabetes insipidus,” was the most striking 
Gnffith’s patient, a much undei sized boy of 9 >eais, had been 
healthy and noimal up to 2 years At the age of 2^4 yeais, he had 
peitussis At 3 yeais he had a temporary enlaigement of the abdomen 
and “yellowness” Giowth was evidently letarded from this time At 
8 years he had anothei attack of jaundice and swellings on the head 
following contusion, and an eruption appeared all over the body The 
child was undernourished and undei developed, with extensive cutane- 
ous xanthoma eiuption, evident exophthalmos, marked irregulaiities of 
the teeth, defects in the skull and typical diabetes insipidus Autopsy 
levealed yellow masses about the hilum of the livei and ansing from 
the duia The hypophysis was displaced by the xanthoma mass 

Beikheiser reported a case under the title “Multiple Myeloma of 
Children,” which obviously also belongs in the group I am desciibmg 
Berkheisei’s patient was a girl, aged 3 J / 2 yeais She had had a 
normal first yeai, except for a mild attack of measles at 9 months 
Exophthalmos was fust observed when she rvas 16 months old She 
complained of pain m the right leg, hip and arm, and difficulty m walk- 
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mg She was irritable and gave a history of bed wetting The x-ray 
revealed extensive bony defects of the cranium, the pelvis, the upper 
portion of the right femur and the lower portion of the left humerus 
Interest m this patient was directed to the orthopedic condition There 
was no mention of the urinary symptoms, but a study was made of 
one of the lesions which will be considered latei 

Other cases are recorded in the literature, most often occurring in 
young children but sometimes in adults, that could be bi ought into 
relationship with this unique syndrome purely on clinical grounds The 
juvenile type I have described unites the entire group m a striking 
manner This is shown more fully in the histologic study 

PATHOLOGIC CONSIDERATIONS 

Mtcioscopic Changes — In the early literature, the histologic studies 
of the lesions were associated with the clinical observations Most 
interest centered about the character of special cells Waldeyer, 
Virchow, Kaposi, deVmcentiis, Chambard and Touton described the 
morphology of these cells According to Chambard, the xanthelasmic 
cells are variable m size and form, with an abundance of protoplasm 
and small darkly staining nuclei In the fresh state, the protoplasm is 
loaded with small fatty droplets Treated with ordinary fixing reagents, 
which dissolve out the fat, the protoplasm becomes a fine areolar net- 
work giving a foamy or vacuolated appearance , hence, the name “foam 
cell” or “Schaumzelle ” 

These cells never show karyokmesis They are found free m the 
layers of connective tissue, frequently surrounding the blood vessels, 
or are grouped m islets separated by fibers of connective tissue Some- 
times they are fused to form a multmuclear mass with nuclei disposed 
as a corona or demicoiona giving the aspect of giant cells Associated 
with these cells, there is a variable connective tissue reaction and some- 
times round-cell infiltration Occasionally typical foreign body giant 
cells with nonfoamy protoplasm and more scattered nuclei occur m 
relation to fatty crystals 

This structure appears as a diffuse process, or is grouped to form 
the xanthoma plaques and nodules Early in its development the 
xanthoma cells, with increased vascularity, are m excess, while m the 
older nodular lesions the connective tissue growth predominates, 
appearing greatest m the larger and firmer lesions 

The fatty substance exists, generally, either as fine granules or as 
round droplets, but sometimes as crystals m small rods or fine needles, 
united m clusters It is for the most part contained m the cells, 
although occasionally it is found in the intercellular spaces 

These fatty granules usually present themselves under two aspects 
(a) those which stain poorly with osmic acid, taking a brown color, stam 
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orange with Sudan III, and show double ref 1 action with polarized light, 
ie, cholesterol fatty acid esteis, ( b ) those which stain deep black with 
osmic acid, turn led with Sudan III, and remain dark when the prisms 
of the polanscope are crossed, ie, neutial fats or glycerine fatty acid 
esters (Daner) 

These two gianulai forms aie found to exist together, but are 
liregulaily and diversely distnbuted, and at times there aie lemains of 
led blood cells and iron pigments. in these hpoid-contaming cells 
(indicating phagocytic piopeities) They owe their appearance to the 
substances which infiltrate them and, m swelling, separate the cyto- 
plasm The perivascular distnbution, vanable connective tissue leac- 
tion, sometimes lound-cell infiltration and the piesence of fatty and 
pigment gianules and giant cells pioduce the varied appeal ance of the 
lesions It is these special lipoid-containing cells which particularly 
charactenze the -varied xanthoma manifestations 

Mici oscopic and Clinical Changes — Chambaid, Touton and Toiok 
observed xanthoma cells in the dnerse skin lesions Dor observed the 
same cells m the nodular foims aiismg from tendinous, peritendinous 
and penai ticular sui faces Chvostek first found foam cells in yellow 
nodules about the hilum of the livei Coats early observed foam cells 
m the spleen of diabetic peisons with lipemia Particular attention was 
not given to these cells m the inner organs, until Schultze repoited m 
1912 “Concerning Laige Cell Hypeiplasia m a Case of Diabetes with 
Lipemia ” Since then an entire new series of cases has been brought 
into relationship with the clinical forms alieady described Some of 
these cases show and some do not show skin manifestations Aschoff, 
Kawamuia, Maichand and Chalatow made important observations m 
this legard 

In Schultze’s case, the entire splenic pulp was replaced by foam 
cells, and othei organs were not involved Lutz reported two similai 
cases, one showing atheroma m the aorta and the other, changes in the 
lungs Schultze and Lutz consideied this condition related to Gauchei’s 
disease 

Maichand found lipoid-containing cells in the spleen and lymph 
nodes and was the fust to observe this change in the bone marrow 
Williams and Diesbach found lipoid-containing cells m the spleen, liver, 
lymph nodes and supiarenals In M Smith’s patient they were mostly 
confined to the spleen, but to a small extent appeared in the li\er and 
lymph nodes Oppenheimer and Fishberg’s patient, previously men- 
tioned, showed much more extensive changes There were lipoid- 
containmg cells m the spleen, liver, endothelium of the aorta, adventitia 
of the cutaneous vessels, and also changes m the kidneys and mitral 
valve These changes all occurred in patients with diabetes melhtus 
associated with lipemia 
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There is still anothei group of cases that may be brought into rela- 
tion with xanthoma In 1914, Niemann described a condition m an 
infant which he regarded as histologically different from Gaucher’s 
disease, but which was similar to the large cell hyperplasia reported by 
Schultze Siegmund descnbed a similar change m an infant, aged 9 
months He observed lipoid-containing cells at the hilum of the liver 
and spleen The Kupftei cells of the liver, the reticulo-endothelial 
cells of the spleen, the bone marrow, heart valves, glomeruli of the 
kidney, and excretory tubules also were involved Knox, Wahl and 
Schmeisser and Bloom have reported similar cases 

The lipoid-containmg cells m this group of infants are the most 
extensive m distribution According to Bloom, they are observed in 
the spleen, thymus, mucosa of the intestines, free in the alveoli of the 
lungs and m the walls of the blood vessels of the lungs, kidneys, pan- 
creas and in the Kupffer cells of the liver, M Smith added that they 
weie also found m the bone marrow and brain tissue m one case In 
this gioup there is considerable phosphatid lipoid but also some double 
ref i active lipoid In the literature this series has usually been referred 
to under the title of Niemann’s disease, and has been regarded as 
different from Gauchei’s disease (Mandelbaum, Bloom and Oberlmg) 

A case reported by Fahr and Stamm has generally been included 
with the series just described, but I wish to show that it also closely 
resembles, clinically and histologically, the group I am discussing, Chris- 
tian’s syndrome 

Fahr and Stamm’s patient was a weak, undernourished, under- 
developed girl, weighing 18 pounds (8,164 6 Gm ) at 3 years Fahr 
thought that she had some disturbance of carbohydrate and protein 
metabolism He also questioned whether tlieie might not be a 
hjopophyseal disturbance She had always had thirst and had not 
grown Her skm was dry, and the hair, which had turned a 
lighter color, was falling She died m uremic convulsions At autopsy 
the lipoid-contaming cells were most noticeable m the lymph nodes of 
the “lymphatic portal ring,” less m the spleen, and least m the Kupffer 
cells of the livei 

In my fiist case theie were lipoid-contaming cells in the lymph 
nodes, Kupffer cells of the liver, supraienals, few m the kidneys and 
thymus and many in the lungs and the nodulai lesions of the 
dura, peritoneum and pleura, m Gnffith’s patient, examined by Weid- 
man and Freeman, there were extensive xanthomatous changes of the 
skm, lymph nodes, liver, bile ducts, lungs, pineal gland, infundibulum, 
pituitary and dura Possibly the glia cells were involved 

Mta oscopic Changes Concerning the Synch ome — Weidman and 
Freeman stated “that the organs in their patient reflected only the gen- 
eral sclerosing effect which makes many of the tissues resemble, under 
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the microscope, those of a subject dying of senility This is why most 
of the cases m the series heie presented, which have come to autopsy, 
have not been identified with xanthoma In their histologic studies 
of xanthoma skin nodules, Pollitzer and Wile demonstiated that the 
early lesions are made up almost entirely of foam cells , lesions a little 
more advanced show foam cells and spindle cells with consideiable con- 
nective tissue leaction, and finally, some of the older lesions aie com- 
posed almost entiiely of spindle cells and fibrous tissue 

In the case that Thompson, Keegan and Dunn descnbed, there was 
such an advanced process that in many places only spindle cells, sec- 
ondaiy reactions and fibiosmg effects were observed Their patient 
showed extensive xanthomatous changes about the hypophysis, base 
of the brain, dura and lungs, similar to the changes in my first case, 
only in a latei stage of development The condition of the little girl 
described by Berklieiser lepresents a less advanced stage and, as he says, 
was regarded by Maximow as xanthomatous in character In Kyrk- 
lund’s case, the underlying process was not recognized for the same 
reason, but I believe that it represents the same pathologic change with 
the variations which are chaiacteristic of this condition 

In this gioup, another case repotted by Schultz, Wermbter and 
Puhl under the title “A Gianuloma-lilce System Disease of the Hemato- 
poietic Appaiatus Hyperplasia of the Reticulo-Endothehal System” 
should be included Then patient, a girl, aged 2^/z years, had extensive 
defects of the bones and dwaifism The histologic study showed that 
the process was quite advanced The nodular lesions arising from the 
dura had all changed to fibrous tissue The lesions in the orbit and 
at the base of the brain looked like thickened tendon The yellow 
nodules and diffuse changes in the lungs resembled those found m the 
lungs in my first case There was more extensive involvement of the 
organs, especially the bone mairow and spleen, and moie tendency to 
a nodulai type of lesion m the oigans, than m any of the cases I have 
previously described Schultz, Weimbter and Puhl considered the con- 
dition a disease of the leticulo-endothelial system and supposed an 
infection of unknown type to be lesponsible 

Study of Mtci oscopic Changes, Concisions — The study of the 
microscopic changes, besides bringing into relation with xanthoma 
seveial forms not pieviously recognized as such, determines certain 
other facts legardmg the chemistry and chaiacter of the lesions 
1 Xanthoma lepresents a mixed steatosis m which, although double 
1 ef ractive cholesterm esters aie most often obseived, phosphatid lipoids 
and othei more complex lipoids (lipopiotems m Gaucher’s disease) aie 
also concerned, and these lipoids are always m association with glycerin 
fatty acid esters 
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2 The lesions are extremely variable in their histologic appearance 
At first they are made up largely of foam cells and later, almost entirely 
of spindle cells and connective tissue In the early stage the lesions 
may be vascular, while m a later stage the vascular supply is limited 
In the older lesions there are frequently no lipoid-contaimng cells, only 
special forms of fibrous tissue, and cellular reactions and secondary 
changes occur which mask the pictuie generally 

3 The process is an extensive one, not simply confined to the skm 
and certain internal stiuctuies, such as the mucous membranes, the 
walls of the large vessels, heart valves and serous surfaces, but it may 
also mvohe the mesenchymal portion of the blood and lymph vessels 
generally 

Finally, the study shows that this condition occurs at all ages, 
usually appearing as discrete nodular lesions in the slowly evolving 
adult foims and as a moie diffuse process in the lapidly developing 
infantile cases 

The significance of these observations wall be more fully discussed 
in the consideration of the pathogenesis 

PATHOGENESIS IN RELATION TO HYPERLIPOIDEMIA AND THE 
RETICULO-ENDOTHELIAL SYSTEM 

Pathogenic Theoues — Many opinions have arisen as to the nature of 
the varied xanthoma manifestations Addison and Gull regarded xan- 
thoma as a local disease Hutchinson, observing the frequency of jaun- 
dice, thought that diseases of the liver and gall passages were of etiologic 
importance Hilton Fagge and Pye-Smith, finding visceral lesions, 
regarded xanthoma as a systemic piocess and referred icterus and gly- 
cosuria back to the visceral localizations 

Most of the early studies disregarded these clinical symptoms m 
fa\or of various cellulai theories Potam considered the cutaneous 
lesions enlarged skm glands Unna and Balzer, observing giant cells, 
were inclined to believe m an infectious ongm Chambard and Renaud 
proposed that the xanthoma cells might be connective tissue cells, 
analogous to macrophages loaded with fat Chambaid and Torok, 
observing round cells, especially m the diabetic form, considered the 
lesions of inflammatory nature The most frequent interpretation, how- 
ever, was neoplastic For Virchow, xanthoma w'-as a neoplasm of the 
connective tissue with fatty deposits or fatty degeneration of cells, and 
Touton Koebner and de Vmcentus held similar opinions but regarded 
the cells as of endothelial origin Torok considered xanthoma as a neo- 
plasm of the connective tissue resulting from the proliferation of cells 
arrested m an embryonic state Crocker also regarded xanthoma as a 
neoplasm of the connective tissue He considered the inflammation pn- 
mar} and the connective tissue growth secondary and the whole process 
of toxic origin 
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Potam and Qumquaid eaily pioposed a humeial theoiv m 1 elation 
to the hepatic dysfunction Panzei, in Stoeik’s laboi atory, fiist mdenti- 
fied double lefi active lipoids m the fat filled cells Pinkus and Pick, 
finding double lefractive lipoids in the various xanthoma lesions, 
declaied hypeicholestennemia the piobable cause of xanthoma In a 
second research, in which they examined all the dififeient xanthoma pic- 
tuies, they concluded that an infiltiation of connective tissue elements, 
leticulum and endothelium takes place They believe that the nodules 
weie neoplasms of the connective tissue, but wished to designate the 
change by the teim “xanthomatosum,” as a condition that might affect 
any new giowth In discussing his extensive case, pieviously mentioned, 
Dietrich objected to Pinkus and Pick’s use of an adjective to designate 
this condition He thought that there was a small gioup of xantho- 
fibromas 

Hypo cholestei oleima — The actual demonstration of hypeicholes- 
teiolemia was due to Chauftard and Laroche They found hypercholes- 
teiolenna m seveial patients with xanthoma, as well as m an icteric 
patient afflicted with xanthoma Chauftard and Laioche stated “Special 
as this process is (the foimation of cholesterm deposits), it is not, 
however, without an analogy in pathology and nothing could be moie 
truthfully compared to it than the change which we find in another gieat 
humeral illness, gout Theie also, a specific cutaneous deposition, the 
tophus, discloses an excess of uric acid circulating and then fixed Each 
of these two toxemias makes itself concrete, as it were, m its own place 
of election, but the piocess is identical and the end is an aseptic and 
specific infiltiation, so that one can conclude that xanthoma is to 
hypeicholestennemia as tophus is to an excess of unc acid contained m 
the blood serum of the gouty patient ” 

Hypeihpoidemia , Cluneal Considei ahon — Hyperlipoidemia, espec- 
ially hypercholestennemia, is now generally regarded as the most com- 
mon fundamental cause of xanthoma Since the original obseivations 
of Chauffaid and Laioche m 1910, this has been lepeatedly verified — by 
Schmidt, Aimng and Lippmann, Bums, Levy, for the multiplex varie- 
ties, Major, Mook and Weiss, for xanthoma diabeticoi um , Weil and 
Kirch, foi the tumor-like forms ansing fiom tendon sheaths, Spillmann 
and Watrm, and Gnffiths, for the juvenile type I have descnbed 
Harnson and Whitfield leviewed this subject m 1923 

The cholestei ol value in Gnffith’s patient was 397 mg per hundred 
cubic centimeteis of blood serum, in the similar case of Spillmann and 
Watrm, theie were 595 mg per hundred cubic centimeters of blood 
serum In my first case, examinations were not made for cholesterol, 
but dural plaques examined m this regaid showed high cholesterol 
content In my second case, repeated deteimmations of cholestei ol 
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were made They varied from 315 mg per hundred cubic centimeters 
of blood serum, m October, 1926 , 256 mg (250 mg , digitomn method), 
m April, 1927, to 111 mg (Myers and Wardell method) m October, 
1927 

The analysis of the clinical observations m relation to hypercholes- 
terolemia is of interest In the investigations of Schmidt and Levy, in 
which entire families were examined, it was found that hyper- 
cholesterolemia manifests itself m a different manner, according to the 
individual , it produced biliary lithiasis in one, atheroma m another, and 
brought on ocular symptoms in a third It is only m certain subjects 
that it produces either xanthoma palpebrarum, or the cutaneous choles- 
tenn infiltiations which result m the multiplex variety, or in extremely 
rare cases, in the tendinous, peritendinous and periarticular and visceral 
forms (Levy) 

These investigations also determined that cholesterolemia, though 
considerable, does not always result m xanthoma eruption This sug- 
gests the possibility of certain accessory factors, such as trauma and 
friction, or infection Clinical observation permits the recognition of 
such accessory factors Various authors have veufied the fact that the 
skin eruption localizes, by preference, in places exposed to repeated 
trauma oi friction, such as the elbows, knees, buttocks, shoulders and 
palms Darier believed that he was able to attribute palpebral localiza- 
tion to frequent folding and rubbing of the eyelids Chauffard and 
Laroche observed the eruptions appearing at the point of injections of 
sodium cacodylate m a patient with icterus Major found it following 
mosquito bites In a case described by Nicol, cutaneous xanthoma 
occurred after a quinine exanthem In the cases of Hardaway and 
Kreibeck, the lesions were distributed like those m herpes zoster Such 
an eruption probably accounted for the localization The raised and 
thickened vaccination scars often observed sometimes result from the 
same cause. 

In several of the group descubed trauma may have antedated the 
lesions on the head, but the process is too extensive for all of the 
lesions to be accounted for in this manner In generalized visceral 
xanthoma m an adult diabetic patient, Lubarsch considered that for the 
lesions to develop, it was necessary for cholesterol to show stasis and 
accumulate for a long time, mainly m the lungs This might have 
happened in the cases here described As shown by the studies made 
at autopsy, there has mvaiiably been a marked degree of pulmonary 
fibrosis and xanthomatous change in the lungs In case 1, the fibrosis 
vas so ad\anced that it gave the impression of being the primary 
lesion 

In this connection the secondary importance of infection is apparent 
Weber v rote that “it is highly probable that a person may have a 
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hypercholesterolemia for years without developing xanthoma lesions, 
but some mfluenza-hke infection may give rise to inflammatory changes 
and be followed by lipoid deposits ” There was no evidence of syphilis 
or tuberculosis in the group of cases I have described, but several 
authois have suggested the possibility of these infections playing such 
a part Various acute infections antedated the onset m most instances 
and the fiequency of bronchial infections at this age suggests their 
importance as predisposing factors In case 2 it is apparent that the 
condition was aggravated by acute infections Fahr believed that 
infectious lintation was important m the majority of cases Schultz, 
Wermbter and Puhl considered an infection of unknown type respon- 
sible m their case Aschoff said that the question is still open, but he 
added that he could agree if Fahr should consider other umecognized 
lrntative factors I shall discuss the relation of infection fuither m 
the section on animal experimentation 

About half of the generalized visceral forms of xanthoma have 
been considered as related m some way to icterus and disorders of the 
livei m general, diabetes melhtus or certain diseases of the kidney It 
is important to note that in none of this group of cases have these 
conditions been present In GnffitlTs patient there was jaundice, but 
it was without doubt secondaiy to the xanthomatous changes about the 
hilum of the liver as Griffith himself believed In Fahi and Stamm’s 
patient, death lesulted from kidney complications, and lipoid changes 
weie found m the kidneys 

Chambard early proposed a special diathesis for xanthoma, Armng 
and Lippmann regarded as “essential or idiopathic” those cases not 
associated with icterus, glycosuria or piegnancy This applies especially 
to the juvenile form in which familial tendencies are frequently observed 
So far as the group reported has been studied, there have not been 
clinical records of familial tendencies The examinations of the blood 
in the members of the family in case 2, however, were suggestive The 
mother had a blood serum cholesteiol of 272 mg per hundred cubic 
centimeters, one brother had a chronic valvular cardiac disease, and a 
single determination of cholesterol showed 175 mg per hundred cubic 
centimeters of blood serum 

The clinical form which xanthoma assumes is considered as related 
to the intensity and persistence of the piocess, and I wish to add that 
it is also related to the age of occurrence Usually the most extensive 
manifestations aie found m subjects with a particularly elevated choles- 
terol Especially m xanthoma diabeticorum, m which the cholesterol 
value generally is high, the eruption is apt to be extensive and fre- 
quently develops rapidly On the contrary, under the influence of 
diet and, more strikingly, under the influence of treatment with insulin, 
the lesions often disappear, coincident with a decrease in blood lipoids 
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In case 2, m which at the time of my first examination there was a 
moderate increase of blood cholesteiol, x-ray examination showed 
model ate increase also in the destruction of bone During the past 
year, while the blood cholesterol has been low, there has been a most 
remarkable lessening of the bone destiuctive piocess as shown by the 
roentgenograms The defect m the bone at the vertex of the calvarium 
has filled in to such an extent that it can only be located with difficulty 
and the large areas at the base of the skull have been almost entirely 
regenerated Coincident with this, the patient, instead of being irritable, 
is happy and active and is without pam or discomfoit He has mci eased 
in height 2>y 2 inches, m contrast to his growth of less than 1 inch during 
the preceding twelve months, and the polyuria and polydipsia have 
deci eased (compare C and E in figure 10) 

Oppenheimer and Fishberg, observing the disappearance of exten- 
sive xanthoma m a young diabetic patient as the blood lipoid diminished 
under the treatment with insulin, stated that it proved for them the 
dependence of xanthoma on an excess of lipoids m the body fluids 

This is the generally accepted view, but cases have been reported by 
Arzt, Rosenthal and Braunish, Siemens and Dubs m which the two con- 
ditions were not present at the same time These investigators con- 
sidered the relationships between cholesterol m the blood and m the 
tissues as not essential They explained the xanthoma manifestations 
either on the ground of local factors, mechanical and other irritations 
of the tissues, blood and lymph stasis and local inflammatory changes, 
or the influence of the chromaffin vegetative nervous system, such as 
an acquired biologic characteristic of cells, with respect to metabolism 
of cholesterm 

In regard to these negative obseivations, Levy expressed the 
opinion “that it is preferable to make note of these facts without trying 
to interpret them Perhaps they will find an explanation in the doctrine 
of hypercholesterolemia, oi on the contrary, they may put us on the 
track of factors which are still unknown ” 

The mechanism with which the body controls metabolism of choles- 
terol is complicated Cholesterol in the blood undergoes great varia- 
tions In all metabolic disease individual symptoms undergo varied 
accentuations, so that there is no necessary parallelism between the 
picture of xanthoma and the increase m cholesterol Cholesterol is 
only the starting factor During the period m which the xanthoma 
remains stationary, the cholesterol is at a low level In such instances, 
the association of xanthoma manifestations with increase in cholesterol 
is seen in the chemical structure of the lesions 

Hypci cholestenneima and Ammal Experimentation — A long series 
of animal experiments (by Anitschkow, Aschoff, Kawamura, Bailey, 
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McMeans, Chalatow, Zinzerhng, Verse and others) furnish a most 
important confirmation of the clinical observations here discussed They 
also demonstrate that pathologic degrees of hypercholesterolemia can 
be produced in animals by feeding diets rich m cholesterol, which 
suggests that there are new dietetic problems to consider m the feeding 
of infants and childien 

Anitschkow, feeding rabbits on a diet rich in cholesterol, caused lipoid 
storage m the interstitial cells of the spleen, bone marrow, lymph nodes, 
Kupffer cells of the liver, walls of the large vessels and m extreme 
cases, in the connective tissue cells of the skin He produced what m 
many respects could be regarded as an imitation of xanthoma m each 
of its many forms These experiments confirm the clinical observation 
that lipoid storage varies with the duration and intensity of the 
process and that it occurs, preferably, in regions especially exposed to 
trauma and stiam They also demonstrate that under normal condi- 
tions lipoid is not stored in the presence of an aseptic irritative piocess 
but that it occurs when there is hypercholesterolemia On the other 
hand, they demonstrate that lipoid storage appears in the presence of 
suppurative processes under otherwise normal conditions In such 
instances, it results from the absorption of cholesterol locally liberated 
by the destructive effects of the suppurative process 

In another series of experiments, Anitschkow demonstrated that 
hypercholestermemia, however transient, provokes lipoid storage This 
confiims the fact that even though the subject may not at the time 
have hypercholesterolemia, xanthoma manifestations always indicate 
that it had been present at some former period 

Still another problem of clinical importance is explained by these 
experiments Xanthoma is characterized by two processes, lipoid infil- 
tration with the formation of xanthoma cells and connective tissue 
proliferation For a long time, the succession of these processes has 
been m doubt Some have regarded the lipoid infiltration as primary, 
while others affirmed that it is secondary to inflammation of the intima 
According to Anitschkow, both views are right On the one hand, the 
cholesterol grafts itself on previously injured surfaces, while on the 
other the lipoids acting on an artery which has been normal up to 
this time cause an irritative state and provoke a hyperplastic reaction 
Zinzerhng agreed that it does not require either injury or inflammation 
to bring about these changes, but that the irritating effect of cholesterol 
alone may produce the hyperplastic reaction 

These experiments demonstrated that lipoid storage (xanthoma 
manifestations) may appear m any part of the body m which there is 
activity of the cells It extends to the interstitial tissue of the inner 
oigans, suggesting an analogy to changes found m man There may be 
a difference between vhat takes place m animal experimentation and 
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what actually occurs in pathologic changes m man , nevertheless, animal 
experimentation throws light on the nature of the condition as it is 
found m man 

The Reticido-Endothehal System and Xanthomatosis — Since 
Aschoff and Landow in 1913 proposed grouping certain body cells 
according to their functional properties rather than their morphologic 
characteristics, they have been called the reticulo-endothelial system 
This cellular system, characterized by its exaggerated ability to ingest, 
is sometimes spoken of as a storage system or, since substances come 
from the blood stream and purification takes place, as a blood purifying 
system Metchmkoff early studied the behavior of these cells He dif- 
ferentiated between the circulating ameboid cells of the blood, the poly- 
morphonuclear leukocytes, or microphages, and the relatively fixed 
ameboid cell of the tissues, or macrophages, and emphasized the highly 
phagocytic properties of the latter group Possibly he had some notion 
of a special system , at any rate, he clearly appreciated the importance 
of these cells, not only m phagocytosis of foreign materials but m their 
part in processes of inflammation and immunity 

According to Aschoff, the reticulo-endothelial system is the inter- 
mediate agent of metabolism between the blood and the tissues Besides 
playing a prominent pait in metabolism, and especially m lipoid 
metabolism, it is probable that this system of cells is concerned m for- 
mation and destruction of blood, and that iron injected into the blood 
stream is stored m the reticulo-endothelial cells It is also probable 
that the formation of bilirubin occurs within these cells (See recent 
reviews by Aschoff, Sachs and Jaffo) While, as Oberlmg observes, 
this system is not a physiologic entity, as all of its elements do not 
behave m a similar manner and some authors hesitate to call it a 
system, nevertheless, a consideration of xanthoma manifestations and 
lipoid metabolism, m the light of this hypothesis, contributes much to 
the understanding of the pathogenesis and the microscopic changes as 
well as the clinical manifestations of xanthoma 

The experiment which particularly led to calling the special phago- 
cytic cells a system was the work of Ribbert, who in 1904 demon- 
strated by injecting lithium carmine intravenously, intraperitoneally 
and subcutaneously that the coloring matter, although partly eliminated 
by the kidneys, was partly stored m certain cells of the organism and 
always m the same cells for a given organism Ribbert also observed 
that the cells which were vitally stained weie able to take up other 
substances injected into the blood stream, e g , iron and lipoids Aschoff 
made the first report of the investigations of his pupil, Kiyono, on the 
vital staining of these cells in normal and pathologic tissues He 
introduced the term histiocyte to designate mesenchymal mononuclear 
phagocytic cells and described their behavior in detail 
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Included in the reticuloendothelial system axe three mam classes of 
cells, which aie closely related genetically (1) the leticulum cells of 
the splenic pulp, lymphatic tissue and bone marrow, (2) the endothelial 
cells of the liver capillanes, lymph sinuses, splenic sinuses, bone mar- 
row, suprarenal capillaries and hypophyseal capillaries, (3) the 
phagocytic cells in the connective tissue, which include Ranvier’s 
clasmatocytes of areolar tissue and Maichand’s adventitial cells sur- 
rounding the blood vessels Cells of this chaiactei may enter the blood 
stream, where they are present as monocytic elements (l e , endothelial 
leukocytes of Mallory) 

The essential microscopic characteristic of the vaiied xanthoma 
manifestations are the large bright foamy (xanthoma) cells A ques- 
tion that has attracted much attention concerns the origin and nature 
of these cells At one time, owing to a superficial resemblance, it was 
supposed that m some way they might be related to sebaceous gland 
cells They have been regarded as a special kind of tumor cell and 
even a parasitic origin has been suggested Most often, however, they 
have been considered as cells of endothelial origin showing a peculiar 
kind of fatty change Pmkus and Pick, Aschoff, Polhtzei and Wile, 
Kawamura and Fahr observed that these foamy cells are of reticular 
and endothelial origin and possess phagocytic pioperties Anitschkow, 
in Ins feeding of cholesterol to rabbits, definitely demonstiated their 
identity with the histiocytes by staining them vitally with pyiol blue 
and trypan red at the same time that he tiansformed them experimen- 
tally into xanthoma cells He further demonstrated that the cells con- 
taining anisotropic bodies all belong to the reticulo-endothehal system 
A review of the study of the microscopic changes shows that lipoid- 
contaimng cells (xanthoma cells) have been observed m all parts of 
the reticulo-endothehal system, and that they are extensively distributed 
m the group of cases I have described 

It is of interest to note that the same cells are the essential cells 
m the lesions of tuberculosis and in the lepra nodule and the specific 
lesion of Hodgkin’s disease, the hyperplastic reaction lesultmg from 
different causes 

Whether the presence of lipoid m the cells is a sign of degeneration 
oi of infiltration or whether lipoid is manufactured m the cell itself is 
still a much debated question Virchow thought these fatty changes 
weie a mark of degeneration Kaiserlmg and Orgler, who first 
described double ref 1 active bodies, observing them m the cells, believed 
that they originated there Pick and Pmkus, Aschoff, Kawamura and 
Anitschkow, noting that the xanthoma cells have phagocytic properties, 
, regarded the change as an infiltrative one "It is not a passive one, 
however, as it is due to lipoidophagic activity on the part of the cells 
themselves” ( W ebci ) 
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Even today theie are different views legardmg the presence of 
lipoids m the cells Aschoff thought that the reticulo-endothelial cells 
had an especial affinity for lipoids Heck recently expressed the 
opinion that the appeal ance of cholesteiol m the tissues and its appear- 
ance m the blood have a common oiigm, but that at times they may 
occur independently of each othei For him, the fundamental pi mciple 
of retention of cholesterm is a physiologic change in state, which differs 
m every case As to a special cell affinity, as proposed by Aschoff, 
Fain said that this is only a theory Most of the recent observers 
regard the change as exclusively an infiltrative piocess, the truth of 
which is supported by animal experimentation Oberhng expressed the 
opinion that it is purely chemical, a view made acceptable by the present 
understanding of the leticulo-endothehal sjstem 

Levy diew a sti iking analogy between the experiments of Ribbeit 
and Anitschkow “In both cases a colloidal substance injected into the 
veins of a labbit is stored by a biologic system charactenzed by its 
elective phagocytic properties In the two cases, moieover, the accumu- 
lation of phagocytosed substances, whether carmine or cholesterol, 
occurs with piedilection in inflamed tissues or in tissues in an mutated 
state with tendency to proliferation In a similar manner, the sub- 
stances introduced into the skin of labbits by Ribbert, Lebedew and 
Basten lesulted in the foimation of cholestermophagic or carmino- 
phagic nodules which did not differ fiom one another, except m the 
natuie of the substance injected” In conclusion, Levy observed “It 
is not too much to say that the xanthoma manifestations result from 
the ‘vital staining’ of certain parts of the reticulo-endothelial system 
by cholesteiol esteis and fiom the reaction this lipoid infiltration 
provokes ” 


GENERAL COMMENT IN RELATION TO THE 
SYNDROME 

In view of the length of this study, I have not considered certain 
problems that are still unsolved It is evident that there aie no definite 
conclusions as to why lipoids accumulate in the body fluids Abnormal 
congenital predisposition, as usually ascnbed to the infantile group of 
this condition, is purely a supposition Theie may be some hormone 
influence or disturbances of excietion, though these suggestions have 
not been proved Physiocliemical conditions are also considered as 
possible factors Without doubt, alimentation plays a pait, as hyper- 
cholestennemia can be produced by types of nourishment Lipoid 
metabolism has not been fully worked out, noi has its association with 
geneial metabolism been completely explained Nevertheless, this con- 
sideration of Christian’s syndiome, m connection with facts already 
m the literature, makes it possible foi ceitam conclusions to be drawn 
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regal ding the cn dilation of lipoids in the body fluids and the signifi- 
cance of this sti iking symptom complex 

The immense amount of micioscopic and biochemical leseaich on 
the subjects miolved as well as the many points of interest m this 
unique syndiome make then consideiation difficult 

The pioblems I shall consider are (1) conclusions legal ding the 
pathogenesis, (2) consideiation of the conditions that should be included 
as manifestations of a geneial distuibance of lipoid metabolism, (3) the 
natuie of the nodulai lesions and finally, (4) consideration of clinical 
featuies in geneial 

CONCLUSIONS REGARDING PATHOGENESIS 

All the vaned xanthoma manifestations can be brought back to a 
single pathologic pi mciple the reticulo-endothelial system is mfiltiated 
by certain substances According to this mteipietation, the change 
is essentially chemical Lipoids and, in fact, all soits of metabolic 
pioducts, find paiticulaily leceptive cells m one pait oi another of the 
system, but lipoids, because of their physiochenncal natuie, aie most 
often obseived The idea of an abnormal activity of the system in 
connection with lipoid metabolism is puiely speculative The change 
depends primal fly on an mciease of lipoids in the body fluids and 
secondanly on the duiation of the condition of the blood and the local 
blood and lymph supply A use m the amount of lipoids m the body 
fluids oi an mciease thiough stasis may result m storage, and even 
after sufficient length of time, when the lipoid content of the fluids 
is so low as to appeal noimal, the lipoidophilic substance sometimes 
conies into view Such factois as trauma and inflammation piedispose 
to storage, and theie are, without doubt, other undetermined factois, 
stoiage occuis when theie is met eased activity of the cells Distur- 
bances of circulation of the most vaned lands play a pait, as is evidenced 
by the fact that a leversibihty of the piocess with a deciease in hypei- 
cholestei olemia is occasionally observed The tissues ai e not necessarily 
liijuied m becoming the seat of such a -stoiage of fat, unless the sec- 
ondaiy leactions m the lesions have alieady taken place In general, the 
mfiltiation depends on the use m amount of lipoid Ceilam accessory 
factois piedispose to localization, but hyperhpoidemia itself suffices to 
pioduce lipoid storage (xanthoma manifestations) 

It is necessary to recognize that even though consideiable, hyper- 
lipoidemia does not always piovoke lipoid stoiage Although this fact 
does not peimit one to doubt the certain idle of hyperhpoidemia, it 
indicates that there aie still unknown elements m the problem 

The biologic agents m the taking up of lipoid substances are the 
reticulo-endothelial macrophages The chemical nature of the content 
of these cells is variable, and the extent of the mfiltiation diffeis in 
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each case When it is more m the skin, it is less evident m the internal 
organs and vice versa, or even when more m one organ, it is less m 
another 

One can assume that, depending on the reactive state of the individ- 
ual, the reticulo-endothelial maciophages appear at one time as an 
actively evolving diffuse process, and at another, giouped m the form 
of slowly developing nodular growths The behavior of excess lipoids 
circulating in the body fluids recalls m many ways a lelationship to other 
metabolic processes The comparison with gout caused by uric acid 
and gout caused by calcium is suggestive 

CONDITIONS THAT SHOULD BE INCLUDED AS MANIFESTATIONS OF 
A GENERAL DISTURBANCE OF LIPOID METABOLISM 

A review of the literature shows that there is no agreement as to 
what conditions should be included as the manifestations of a general 
disturbance of lipoid metabolism The cases of xanthoma of the eyelid 
are separated from the multiplex group The cases of glycosuria are 
considered by themselves , the tuberous and tendon sheath varieties are 
sometimes studied in connection with dermatologic investigation, and 
again as unrelated conditions m surgical 01 pathologic literature Those 
developing before puberty are separated from cases developing at a 
later period, and the generalized forms are frequently described as 
separate conditions 

According to several investigators, however, there is no essential 
difference between xanthelasma palpebrarum, xanthoma multiplex and 
generalized xanthoma, and Niemann’s disease and Gaucher’s disease 
are regarded as related conditions 

The relatively large series of cases here described in which hyper- 
plasia of the lipoid cells was present, both in the inner organs and as 
localized nodular lesions ansing from white fibrous connective tissue, 
makes it possible to consider them as a sort of connecting link which 
unites these different forms 

Clinical observations as well as microscopic changes appear to 
justify the consideration of Niemann’s disease as the widespread, 
rapidly developing infantile type of this disturbance of lipoid metabolism 
It is possible that with further knowledge concerning lipoid metabo- 
lism and its relation to geneial metabolism, Gauchei’s disease may also 
be included in this grouping Its similarity to Christian’s syndiome 
supports this \ lew Gauchei ’s disease appears to be the same condition 
infiltrated with moie complex lipoproteins 

In regard to cases associated with icterus and diseases of the liver 
and certain diseases of the kidney, this study suggests that these 
S} mptoms maj be secondary to the lipoid hj perplasia and also represent 
the manifestations of a primary disturbance of lipoid metabolism The 
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cases showing glycosuiia and diabetes mellitus fall into the same group- 
ing only modified by the associated disturbance of carbohydrate metab- 
olism It may be that the disturbance in carbohydiate metabolism, m 
such cases, results from the hyperplasia of the lipoid cells It has 
repeatedly been observed that diabetes mellitus is invariably associated 
with a disturbance of fatty metabolism and that glycosuria has some- 
times been known to appear aftei, as well as before, the occuirence of 
the xanthoma manifestations 

These observations indicate that there are still other conditions that 
can be brought into this relationship— at least some of the gioup now 
classed as multiple myeloma and a scattered series of cases, unidentified 
as to etiology, which have been described in the hteratuie 

The clinical manifestations, the microscopic changes and the 
chemical content of the lesions show gieat variations, but all these 
conditions repiesent the same lintative proliferation of connective tis- 
sue elements (1 e , reticulo-endothehal hyperplasia resulting from the 
infiltration of lipoids), their only difference being in the nature of the 
lipoids concerned The manifestations vaiy in clinical form according 
to the late of development, the duiation of the process and the age of 
occurrence 

The clinical conditions which can be brought together as primary 
distuibances in lipoid storage of the reticulo-endothehal system are 

Xanthelasma palpebrarum, a slowly developing form usually occurring in adults 
Xanthoma multiplex and its varieties representing a more acute process occur- 
ring frequently in early childhood 

So-called xantho-myeloma of the tendon sheaths occurring at all ages but 
usually m young adults 

Generalized visceral xanthoma-xanthomatosis, including Christian’s syndrome, 
occurring especially in early childhood 

Niemann’s disease, the rapidly developing generalized form, in infancy 
Xanthoma diabeticorum, a form modified by a disturbance of carbohydrate 
metabolism, in which the disturbed carbohydrate metabolism may prove to be 
secondary to the hj'perplasia of the lipoid cells 

Gaucher’s disease, perhaps modified by a disturbance of protein metabolism, in 
which case the disturbed protein metabolism may also prove to be secondary 

Concerning the cases now classed with multiple m} eloma and 
ceitam unidentified cases scattered through the literature, further study 
would be necessary to deteimine which of these should be included m 
this group 

THE NATURE OF THE NODULAR LESIONS 

In this syndrome the lesions that aie most notable morphologically 
aie the yellow to yellowish brown nodular lesions In the fourteen 
cases heie described, these tumor-hke forms were numerous, appearing 
to arise from the white fibrous connective tissue of the dura, peri- 
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osteum, peritoneum and pleura, and rarely in the intei stitial tissue of 
certain oigans The histologic examination showed that they weie 
charactenzed by the presence of lipoid-containing cells and great vari- 
ability m structure In one pait, they had angiomatous characteristics, 
m another, they gave the appearance of a fibroma, and through exten- 
sive differentiation seemed to suggest a granuloma form, frequently, 
the picture gave the impression of true mesenchymal giant cell sarcoma. 

Various significances have been suggested for these nodular lesions. 
They have been regarded as tumois of the connective tissue, secondanly 
infiltiated with lipoids, as special tumors developing fiom xanthoma 
cells , as granulomas developing from the occurrence of an inflam- 
mation of undetermined natuie, having provoked the local fixation of 
the excessive lipoids cnculatmg in the blood, or as granulomas which 
have become xanthelasmic as a result of a degenerative process and 
which have liberated the constitutional cholestenn locally 

As recently as 1924, m discussing the autopsy of the patient 
originally descnbed by Guffith, Wiedman and Freeman stated that 
“the presence of ‘xanthomas’ (nodular lesions) in the viscera m this 
case is to be accounted for on the basis of coincidence, one moiety 
being a granuloma of an undiagnosed disease, and the other the 
result of hypercholesterolemia ” 

The constant symptoms m this senes of cases indicate that all the 
different lesions, diffuse and nodulai , are a part of the same pathologic 
process They have a common etiology — hyperhpoidemia 

In spite of the fact that the nodular lesions, by their size and tissue 
stiucture, frequently give the impression of true neoplasms and some- 
times of tumors of the gianulation tissue, they are not real tumors 
Their distribution does not necessarily correspond with hematogenous 
metastases, and their lack of an infiltrative destiuctive chaiactei, shown 
by their avoidance of vital tissue, distinguishes them from the true 
neoplasms Their long continuance of development, suggestively 
symmetrical distribution and occasional retrogression indicate a sys- 
temic process rather than an autonomous growth 

To understand the nature of these tumor-like nodules, one must 
considei them from their clinical and developmental .side as well as 
from their histologic structure If one takes into account their rela- 
tionship to the reticulo-endothehal system, the process is made clear 
and their development may be summed up m the following manner 
The constant presence of (“foreign body”) excess lipoids m the blood 
stream causes an irritation of the vessel walls, whereupon a perivascular 
cell infiltration takes place At first, small round lymphoid cells with 
little protoplasm appear , then, by splitting of the vessel walls, fusiform 
cells with an abundance of protoplasm develop, and finally, owing to 
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fusion, multinuclcar xanthoma cells are formed These cells show a 
common vessel endothelial origin and all contain lipoids, the older and 
moic matuie cells containing the greater amount They vary in form 
and sire, but their nuclear structure is similar and they never show 
karyokmesis The youngest cells are always in the centei of the 
lesions ncai the blood vessels and the older and more matuie xanthoma 
cells nearei the periphery 

r J he cells of the reticulo-endothehal system are m constant renovation 
which is stimulated by “blockage”, that is, when the cells are loaded 
with a given substance they become refractory to all other substances 
and so stimulate the demand for more cells (Kiyono) The nodular 
lesions undei consideration are the result of perpetual blockage The 
histiocytes, being immediately filled by lipoid from the body fluids, 
become lefiactory to all other substances and so stimulate the demand 
for more cells, which in their turn become loaded, and repeat the 
process provoking the continuous increase m the new formation Thus, 
the xanthoma nodule does not increase by multiplication of its cell 
elements, but by the addition of new cells 

The characteristic xanthoma cells are not always observable in the 
lesions This and the fact that the lesions sometimes retrogress or 
recur after excision is explained by their biologic nature One is not 
dealing with tiue neoplasms, but with hyperplastic new formations, 1 e, 
lipoid stoiage tumois The formation of these nodules is a compensa- 
tory act on the part of the body in its attempt to rid the blood of an 
excess of lipoid which cannot be properly excreted 

These views, confirmed by the experimentation of Anitschkow and 
Kuczynslu and by the studies of microscopic changes by Wustmann and 
Weber and otheis, aie of intei est clinically as they bring into relation- 
ship with this pathogenesis a long series of, perhaps rare, new forma- 
tions arising from the dura, periosteum, pleura, pericardium, peritoneum 
and endosteum, as well as from the tendinous, peritendinous and pci lar- 
ticulai surfaces and fascia To the clinician this is important as it 
decides their bemgnancy or malignancy and so determines the manner 
of treatment Bioders, m describing the latter group under the title 
“Benign Xanthic Extra-Periosteal Tumors of the Extremities Con- 
taining Foreign-Body Giant Cells,” remarked that they masquerade 
under various names sarcoma, myeloid sarcoma, myeloid endothelioma, 
myeloxanthoma, granuloma, giant cell tumor and giant cell sarcoma 

The bone destruction associated with these nodular lesions, m the 
cases I have descnbed, is a notable clinical feature In every instance 
the cranial bones had suffered the most, but the roentgen-ray studies 
demonstrated similar, though less extensive, defects in the flat bones of 
the pelvis, rarely the scapulae, ribs and vertebrae, and m one instance, 
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in the femur and humerus Usually, thickening or evidence of hone 
regeneration were not found The bony structure adjacent to the 
defect appeared normal, according to the x-ray studies, as did all the 
other bones m the body One of Schuller’s cases showed a lessening of 
bone destruction and improvement m the general condition In case 2 
of my own, the roentgenograms showed a surprising decrease m bone 
destiuction (compare C and E m figure 10) 

The presence of true foreign-body giant cells in the lesions, in asso- 
ciation with pressure, suggests an explanation for this bone destruction 
Such changes have been observed in other types of xanthoma by Mac- 
Leod, Merrill and Broders It also occurs in other pathologic conditions 
m which there are foreign-body giant cells 

An early symptom observed m the majority of these cases was an 
irritated condition of the gums and a loosening of the teeth This was 
usually first indicated by the loosening of the back molars of either 
jaw The teeth themselves appeared normal, except for the erosion of 
some of the cusps, which was similar to the destruction that takes place 
m the bones This condition resulted from the xanthoma nodules 
arising from the periosteum covering the maxillary bones There were 
many foreign-body giant cells in these tumor-like masses with the same 
bone destruction evident These lesions are of interest m connection 
with the study of giant cell epulis of the jaw and its etiologic relation- 
ship to xanthoma 

The extent of this paper does not permit me to discuss further this 
problem in which there is so much interest at present, but I wish to 
repeat that these new formations should be considered from the stand- 
point of their development, as well as from their pathologic structure 
This study indicates that certain yellow to biown, lipoid-contaming, 
so-called endotheliomas, angiomas and giant cell fibrosarcomas of the 
dura, periosteum, pleura and peritoneum are hyperplastic new forma- 
tions The lipoid m these nodules suggests the irritant which produces 
them, and so separates them from the field of true autonomous growths 

Local liberation of lipoids can cause the foimation of cholesterm 
granulomas Various inflammatory and suppurative processes, as well 
as mesenchymal tumors, can complicate themselves by secondary lipoid 
infiltration The tumor-like lesions I have described I legard as due, 
primarily, to a disturbance of lipoid metabolism The fact that the 
nodules sometimes occur singly does not necessarily sepaiate them from 
the generalized group, but it indicates that theie may be secondary fac- 
tors, such as tiauma, irritation or infection, which determine their 
localization Wustmann spoke of these single forms as “storage organs ” 
According to this view, the essential factor m then production is also 
the excess of lipoids m the body fluids 
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CLINICAL FEATURES IN GENERAL 

The fourteen cases I have considered all occurred in early child- 
hood Six of the patients were girls and eight were boys In ten 
cases, the probable onset occurred during the second year of life, with 
one each in the third, fourth, sixth and seventh year The onset was 
insidious and periodic, so that m most instances the disease was quite 
advanced before a physician was consulted 

The family histories, so far as they were studied, did not show any 
unusual features, with the exception of that m case 2, m which one 
brother had chronic valvular disease and the mother hypercholesterine- 
mia The obstetric histories were normal and the births uneventful 
During the first year, nutritional disturbances did not occur and 
development was normal The blood Wassermann reactions were nega- 
tive, and tuberculosis was not present One of the common infectious 
diseases which frequently occur at this age — measles, mumps, whoop- 
ing-cough or scarlet fever — antedated the onset m most instances In 
both of my cases, a history of trauma was associated with some of the 
bone defects It was also mentioned in one of Schuller’s cases 

The symptoms depended on the location of the lesions, the extent 
of involvement and the mechanical effects resulting from pressure and 
bone destruction A notable lack of subjective symptoms was apparent, 
but during the active stage there was frequently increased irritability 
and often tenderness and pam referred to the lesions 

The occurence of diabetes insipidus in all of the series, except in 
one of Hand’s patients and m one of my own, is perhaps the most 
notable clinical feature of the group In reviewing the literature I 
have been able to collect reports of eighteen cases of xanthoma, includ- 
ing those I have reviewed, m which there were lesions at the base of 
the brain surrounding the hypophysis and occasionally involving the 
posterior lobe of the pituitary, with symptoms of polyuria and poly- 
dipsia The problem which this suggests, as well as various other 
questions, must remain for further study But, according to my pres- 
ent belief, these pathologic changes do not determine whether diabetes 
insipidus is due to pressure and irritation at the base of the brain, or to 
lesions involving the posterior lobe of the pituitary but, rather, that it 
may be due to either cause 

It is of interest to note that in case 1 the roentgenogram showed 
extensive destruction at the base of the brain involving the sella turcica, 
and that at autopsy jellow masses were found, filling the sella and 
surrounding the hypophysis In this case sjmptoms suggesting dia- 
betes insipidus had not developed This is surprising when one 
considers the extent of the nodular lesions, but suggests that the bone 
eiosion may account for the lack of pressure sjmptoms If the dia- 
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betes insipidus is due to piessuie at the base of the brain, which is 
the most commonly attributed cause, it would account for the mter- 
mittence of these symptoms and explains why, as in case 1, polyuria 
and polydipsia do not always develop m the presence of extensive local 
changes 

While instances of diabetes melhtus weie not found m the series, 
the case leported by Fahr and Stamm was legarded as an atypical 
diabetes melhtus and the patient had intermittent glycosuria I believe 
that the condition is closely related to this group and that the patient 
probably had diabetes insipidus A clinical relationship between dia- 
betes insipidus and diabetes melhtus has long been observed This 
again suggests that the diabetes melhtus m these cases may be secondary 
to the lipoid hyperplasia or to the resulting lipoid changes m the reticulo- 
endothelial portion of the pancreas (and possibly other glands) 

Retardation m growth was apparent m most instances from the 
onset of active symptoms In case 2 noimal growth returned with 
geneial impiovement In the two older members of the group (see 
cases reported by Schullei and Kyrklund), besides dwaifism, a typical 
dystrophia adiposogemtalis developed They were both active pro- 
giessive cases Kyiklund’s patient also showed retaidation m mental 
development, as did most of the cases in the infantile group first 
descubed by Niemann, and many of those classed as Gaucher’s disease 
It is a question whether this fai reaching process, which involves the 
reticulo-endothelial system, is not in some way causally related to the 
mental retaidation as well as to the retardation in growth 

Because of the retardation m giowth and the diabetes insipidus, 
Chustian and Schuller regarded the “syndrome” as probably due to a 
distuibance of pituitary function Various observers explain distur- 
bances of lipoid metabolism as a function of certain endocrine glands 
(Goldzieher and Hirschhom) I believe this study suggests that the 
metabolic disturbance is primary and that the lipoid infiltration m these 
glands, the pressure effects fiom the nodular lesions or unknown fac- 
tors (possibly blockage by lipoids and other pathologic metabolites) 
definitely related to the pathologic condition account for their disturbed 
function, that is, the pathologic changes m these cases indicate that 
the abnoimal hormone action is sometimes secondary to the cellular 
hyperplasia in the glands This view is directly opposite to the one 
generally expressed and is suggestive m regard to the part cellular 
reactions of the reticulo-endothelial system may play m other so-called 
endocrine distuibances 

A chronic otorrhea occuued m case 1, evidently from involvement 
of the mastoids by this piocess The same condition occurred in sev- 
eral other cases m the senes m which mastoid operations were per- 
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formed In two instances theie was involvement of some of the nasal 
sinuses, which suggested a laie and new pathologic change foi these 
conditions 

The varying degiees of exophthalmos, which occuned in every 
instance, may be explained by the bone destiuctive piocess Possibly 
the size of the nodular lesions m the oibit was a factor, but these 
changes did not pioduce sufficient pressuie to cause optic atiophy The 
fundi m eveiy patient examined were normal 

Vauous othei well lecognized clinical conditions may be explainable 
on the basis of lipoid hypeiplasia of the leticulo-endothelial s}stem 
atheioma, especially of the valves of the heait and larger vessels, cei- 
tain types of cirrhosis of the hvei , “stiawbeny gallbladdei ” , occasionally 
cholelithiasis, certain foims of nephiosis, myelin kidney lepiesentmg 
an extieme foim, osteitis fibrosa, aicus senilis, certain familial foims 
of Dupuytren’s conti actuie and cholesteatoma of the choioid plexus 
Lesions of the skin suggesting xanthoma were not found m any 
of the gioup lieie descnbed, with the exception of Hand’s second case 
which lesembles the clinical pictuie of the eiuption of juvenile xan- 
thoma of the lapidly developing congenital type Thus, the clinical 
obseivation made by Lubaisch, that when the eiuption occurs moie in 
the inner oigans less is found on the skin, held true 

In legal d to the blood changes m the syndrome, too few examina- 
tions were made foi any conclusions to be drawn but the observations 
are of mtei est Manifest lipemia was not obseived m any instance 
There was usually a slight degree of anemia with a modeiate increase 
in leukocytes, this mciease sometimes being due to a large mononuclear 
excess (histiocytosis) In Chnstian’s case, the leukocyte counts varied 
from 6,600 to 20,100 In my fiist case, two leukocyte counts were 
17,350 and 17,600, respectively The diffeiential counts weie poly- 
morphonuclears, 64 pei cent, laige mononucleais, 32 pei cent, small 
lymphocytes, 4 per cent, and polymorphonuclears, 73 pei cent, large 
mononucleai s, 20 pei cent , small lymphocytes, 7 pei cent 

In the patient of Schultz, Weimbtei and Puhl, the blood changes 
weie such an outstanding featuie that at first they believed they were 
dealing with a case of anemia pseudo-leukemia infantum (von Jaksch 
anemia) Evidence of a blood destiuctive piocess was not found, but 
this seveie anemia was due to the hypeiplasia m the long bones inter- 
fenng with blood foimation The bone manow was slightly involved 
m most of the senes, but in this case the involvement was extensive 
The lipoid cell hypeiplasia of the hematopoietic apparatus suggests 
problems foi futuie study m connection with the explanation of cer- 
tain, apparently confusing, blood pictuies In the case just mentioned, 
it is evident that the anemia \anes with the extent of the hyperplasia 
involving the bone mairow A leukemia of histiocytic origin could 
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betes insipidus is due to pressure at the base of the biam, which is 
the most commonly attnbuted cause, it would account for the inter- 
mittence of these symptoms and explains why, as in case 1, polyuria 
and polydipsia do not always develop m the presence of extensive local 
changes 

While instances of diabetes mellitus weie not found in the series, 
the case leported by Fahr and Stamm was regarded as an atypical 
diabetes mellitus and the patient had intei nuttent glycosuria I believe 
that the condition is closely related to this group and that the patient 
probably had diabetes insipidus A clinical relationship between dia- 
betes insipidus and diabetes mellitus has long been observed This 
again suggests that the diabetes mellitus m these cases may be secondary 
to the lipoid hyperplasia 01 to the resulting lipoid changes in the reticulo- 
endothelial portion of the panel eas (and possibly other glands) 

Retardation in growth was apparent in most instances fiom the 
onset of active symptoms In case 2 normal giowth letumed with 
geneial impiovement In the two older membeis of the gioup (see 
cases reported by Schullei and Kyrklund), besides dwaifism, a typical 
dystrophia adiposogemtahs developed They were both active pio- 
giessive cases Kyrklund’s patient also showed letardation in mental 
development, as did most of the cases in the infantile gioup first 
descubed by Niemann, and many of those classed as Gaucher’s disease 
It is a question whether this far leaching process, which involves the 
reticulo-endothelial system, is not m some way causally related to the 
mental retaidation as well as to the retaidation in growth 

Because of the letaidation m giowth and the diabetes insipidus, 
Chnstian and Schullei regarded the “syndrome” as probably due to a 
distuibance of pituitaiy function Various observers explain distur- 
bances of lipoid metabolism as a function of certain endocrine glands 
(Goldzieher and Hirschhorn) I believe this study suggests that the 
metabolic disturbance is primary and that the lipoid infiltration in these 
glands, the pressure effects fiom the nodular lesions or unknown fac- 
tors (possibly blockage by lipoids and other pathologic metabolites) 
definitely related to the pathologic condition account for their disturbed 
function, that is, the pathologic changes in these cases indicate that 
the abnormal hormone action is sometimes secondary to the cellular 
hypeiplasia m the glands This view is directly opposite to the one 
generally expressed and is suggestive m regard to the part cellular 
reactions of the reticulo-endothelial system may play m other so-called 
endocrine distuibances 

A chronic otorrhea occuired m case 1, evidently from involvement 
of the mastoids by this process The same condition occurred m sev- 
eral other cases in the series m which mastoid operations were per- 
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formed In two instances theie was involvement of some of the nasal 
sinuses, which suggested a laie and new pathologic change for these 
conditions 

The vaiymg degrees of exophthalmos, which occurred m every 
instance, may be explained by the bone destructive piocess Possibly 
the size of the nodulai lesions m the orbit was a factor, but these 
changes did not produce sufficient piessure to cause optic atrophy The 
fundi in eveiy patient examined were normal 

Various other well lecogmzed clinical conditions may be explainable 
on the basis of lipoid hyperplasia of the reticulo-endothehal system 
atheioma, especially of the valves of the heart and larger vessels, cer- 
tain types of cnrhosis of the livei , “stiawbeny gallbladdei” , occasionally 
cholelithiasis, certain foims of neplnosis, myelin kidney lepiesentmg 
an extreme form, osteitis fibrosa, arcus senilis, certain familial forms 
of Dupuytren’s conti acture and cholesteatoma of the choroid plexus 
Lesions of the skin suggesting xanthoma were not found in any 
of the gioup here described, with the exception of Hand’s second case 
which icsembles the clinical pictuie of the eruption of juvenile xan- 
thoma of the lapidly developing congenital type Thus, the clinical 
observation made by Lubaisch, that when the eiuption occurs more in 
the inner organs less is found on the skin, held true 

In regard to the blood changes in the syndrome, too few examina- 
tions were made foi any conclusions to be drawn but the observations 
are of interest Manifest lipemia was not obscived in any instance 
There was usually a slight dcgiee of anemia with a modeiate increase 
in leukocytes, this mciease sometimes being due to a large mononuclear 
excess (histiocytosis) In Christian’s case, the leukocyte counts varied 
from 6,600 to 20,100 In my fiist case, two leukocyte counts were 
17,350 and 17,600, iespecti\cly The diffeiential counts weie poly- 
morphonuclears, 64 pei cent, laige mononucleais, 32 pei cent, small 
lymphocytes, 4 per cent, and polymoi phonuclears, 73 pei cent, large 
mononuclears, 20 per cent , small lymphocytes, 7 per cent 

In the patient of Schultz, Weimbter and Puhl, the blood changes 
were such an outstanding featuie that at first they believed they were 
dealing with a case of anemia pseudo-leukemia infantum (von Jaksch 
anemia) Evidence of a blood dcstiuctive piocess was not found, but 
this seveie anemia was due to the hyperplasia m the long bones inter- 
fering with blood formation The bone mairow was slightly involved 
in most of the series, but m this case the involvement was extensive 
The lipoid cell hyperplasia of the hematopoietic apparatus suggests 
problems for future study m connection with the explanation of cer- 
tain, apparently confusing, blood pictuies In the case just mentioned, 
it is evident that the anemia vanes with the extent of the hyperplasia 
involving the bone mairow A leukemia of histiocytic origin could 
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also complicate this condition, and these two blood changes might occur 
at the same time, making the interpretation of the examinations of the 
blood difficult Kiyono explained why the histiocytes do not appear 
more often m the peripheral cuculation The large cells, because of 
their size, are caught in the pulmonaiy capillaries and so rarely appear 
m the peripheral circulation 

Four of the group came to autopsy In all the fatal cases, there was 
pulmomtis with an extreme degree of pulmonary fibrosis, which rep- 
resented a rare type of pathologic change m the lungs This change 
is of interest as it suggests the important pait played by the lungs m 
lipoid metabolism Experimentation indicates that the pulmonary tissue 
is concerned m the destruction of fats Aschoff regarded the lungs as 
a sort of digesting oigan foi lipoids and fats It may be that the 
pathologic change causing a stasis of lipoids, as Lubarsch suggested, is 
a factor m determining the clinical foim the group presents, it certainly 
is a deciding factor in the prognosis 

In the group described there have been seven deaths, and so far 
as is known, the remaining seven patients are still living Two, at least, 
have shown improvement, indicating that the prognosis is better than 
the clinical symptoms would seem to suggest 

The tentative diagnosis, m most instances, was some form of tumor 
of the brain, but without exception there was an entire absence of 
neuiologic symptoms 01 signs suggesting cerebral pressure It is of 
clinical interest to remember that the nodular lesions arising from the 
dura and periosteum with erosion of the bone do not usually cause 
pressure symptoms The rarely occurring cutaneous lesions in the 
geneialized visceral forms have the same diagnostic significance as 
tophi in gout A yellow coloration of the skin, frequently present in 
this condition, would also be of diagnostic importance The varying 
degrees of exophthalmos and the noticeable tendency to dwaifism give 
most of these children a facies and “froghke” appearance which is 
neaily typical of the condition 

There should not be any difficulty in the clinical diagnosis of the 
syndrome In any case of bone defects, especially of the cranium, 
polyuria, polydipsia, exophthalmos, even of loose teeth, dwarfism and 
dystrophia adiposogemtalis, this condition of disturbed lipoid metabolism 
should be considered It is important to remember that the blood 
serum does not always show an increase m lipoids and that various 
kinds of lipoids are concerned m this process 

Regarding treatment, the pathogenesis of hyperlipoidemia suggests 
possibilities of rational procedure to the internist It is generally 
agreed that hyperlipoidemia can be pioduced by types of nourishment 
Animal experimentation shows that the cholesterol content of the blood 
is easily influenced by the cholesterol content of the food While the 
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juvenile foim I have described is frequently regarded as idiopathic, 
this view is theoretical From the clinical standpoint, it appears per- 
missible to consider this metabolic disturbance as in the nature of a 
diet disease — not a deficiency disease, but rather the result of certain 
kinds of food excess “Excess of albumins, as well as of lipoid-con- 
taining foods, brings forth a true lipoid reaction” (Aschoff) It is also 
evident that infections and toxic states aggravate the condition (Fahr) 

This view brings a long series of pathologic conditions into the 
realm of internal medicine According to Rothschild and Rosenthal, the 
dietetic treatment of persons with hypercholesterolemia consists m 
diminishing the intake by using foods of low cholesterol content and 
by rendering absorption as difficult as possible A diet low m fat 
content they believed answers both purposes In cholelithiasis, they 
have found effective the giving of a fat-free diet for three or four 
days, alternating this with a more liberal but low fat diet 

In case 2 with restriction m lipoid-containing foods, a diet consisting 
of a moderate amount of protein and green vegetables, and the giving 
of desiccated thyioid and anterior lobe pituitary by mouth, along with 
intelligent hygienic care and dental prophylaxis, the blood cholesterol has 
decreased from 317 mg per hundred cubic centimeters m 1926 to 111 mg 
in 1927 Coincident with this change, there has been a remarkable 
improvement in the general condition, a return to a normal rate of 
growth, a lessening m the polyuria and polydipsia and a notable decrease 
in the bone destructive process, as shown by the roentgen-ray studies 
The symptoms in this single case, however, are only regarded as sug- 
gestive 

For a long tune it has been observed that peisons with xanthoma 
diabeticorum respond to dietetic treatment and recently that the con- 
dition is still more piomptly influenced by the use of insulin Some 
observers have not found insulin generally effective in the group I have 
described (Ingram), but one can feel hopeful that a successful dietetic 
rationale will be devised for this (diet) disease 

SUMMARY AND CONCLUSIONS 

Two new cases of the striking syndrome “defects m membranous 
bones, exophthalmos and diabetes insipidus,” one m which a study was 
made at necropsy, the other m which the patient is still under clinical 
observation and shows a remarkable improvement m geneial condition, 
are here reported and discussed with twelve other reports of cases 
collected from the literaure 

These fourteen cases, all occurring m early childhood, have been 
brought into relationship with other similar cases already recognized as 
xanthoma In this study the clinical picture, the microscopic changes and 
the pathogenesis have been considered, and their relation to the reticulo- 
endothelial system has been discussed 
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All these cases represent a form of generalized visceral xanthoma- 
xanthomatosis m which many parts of the leticulo-endothelial system 
show lipoid storage or lipoid cell hypeiplasia This occurs as a 
diffuse process m the interstitial cells of various organs, especially the 
lungs, livei , lymph nodes, bone marrow and spleen, as well as m hyper- 
plastic nodules arising from the areolar tissue, particularly of the dura, 
periosteum, pleura and peritoneum This pathologic change, diffuse, 
and nodulai, is regarded as the manifestation of a distuibance of lipoid 
metabolism 

Although with the present limited knowledge of lipoid metabolism 
and its 1 elation to general metabolism positive deductions cannot be 
diawn, the consideration of these cases m connection with facts already 
m the literature, especially the pait played by the reticulo-endothehal 
system, seems to justify certain general conclusions 

According to my present intei pretation of this process, lipoid and 
various other substances in excess in the body fluids become pathogenic 
foi the organism There is at fust an nntation of the vessel walls, 
then penvascular cell infiltration takes place, the lesions mci easing as 
a result of the progressive blockage of the 1 eticulo-endothelial system 
This hyperplastic reaction repiesents a compensatory act on the part 
of the body and is its attempt to lid its fluids of substances that cannot 
be properly excieted and that act as irritants Trauma or inflammation 
may account for the special localization m these cases or there may be 
some other factor not as yet determined It occurs m the places m which 
there is increased cell activity in the presence of hyperlipoidemia 

Abnonnal congenital predisposition has usually been ascubed as 
the cause of the excess lipoid m the body fluids, but this has not been 
pioved Whether this condition represents a congenital or acquired 
familial or nonfamihal derangement of lipoid metabolism must await 
future study This condition, however, may prove to be a diet disease 
m the same sense as are uric acid gout and calcium gout 

As this investigation has been made from the clinical point of view, 
I shall call special attention to certain features of general medical 
intei est 

The relatively large senes of cases here described constitute a 
gioup which brings together other lipoid metabolic diseases of the 
reticulo-endothehal system Niemann’s disease is the rapidly develop- 
ing geneialized xanthoma of infancy, while Gaucher’s disease represents 
a similar condition with an infiltration of moie complex lipoproteins, 
and this study suggests that m the cases associated with diabetes melli- 
tus or glycosuria, icterus and disoiders of the liver and certain dis- 
eases of the kidney, these s\ mptoms are secondaiy to the lipoid cell 
hyperplasia and are also the result of pnmaiy disturbance of lipoid 
metabolism Each of these conditions differs m clinical form, m the 
pathologic structure of the lesions, and in the nature of the lipoids 
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concerned, but they all lepresent the same irritative proliferation of con- 
nective tissue elements — 1 eticulo-endothelial hyperplasia, ie, there is 
no essential diffeience between xanthoma in all its many foims, 
Niemann’s disease and Gauchei’s disease They all are manifestations 
of the same pathologic piocess, perhaps modified by ceitain difteiences 
m the patient’s geneial metabolic state 

The bone destiuction, exophthalmos, diabetes insipidus, dwaifism 
and infantilism often piesent and frequently legal ded as evidence of 
distmbed pituitaiy function aie the lesults of this pathologic change 
The same cause can be assigned foi the less often obseived dystiophia 
adiposogenitalis, foi certain confusing blood pictures and other well 
recognized conditions 

My conclusion that the pituitary dysfunction results from the lipoid 
cell hyperplasia is suggestive concerning the part vanous cellular 
leactions of the reticulo-endothelial system may play in other so-called 
endocrine diseases Such a hypothesis gives a definite pathologic- 
anatomic basis foi, and explains the correlation of, certain disoideis of 
the ductless glands 

That the nodular lesions with their varied pathologic changes 
(sometimes in a late stage of development not even showing foam 
cells) are hyperplastic new foimations gives support to the opinion that 
a considerable nurnbei of yellow to yellowish brown lipoid-containing 
so-called endotheliomas, angiomas, giant cell fibrosai comas of the dm a, 
periosteum, pleura and peritoneum are not autonomous growths but 
lipoid storage tumois 

The recognition of the fact that the varied symptomatology is 
caused by the pathologic change lesulting from hyperlipoidenua is 
important, since in this manner can be explained the pathogenesis of a 
number of other obscure conditions, and methods of treatment foi all 
these conditions are suggested 

Finally, this lipoid metabolic disease of the 1 eticulo-endothelial 
system — lipoid gout — when viewed m all its many foims, is by no 
means a raie condition 

2970 West Grand Boulevard 
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The object of these studies on chiomc aithntis has been to coi- 
relate the bactenology and cytology of synovial fluid with the clinical 
aspects of the disease The anatomy and physiology of the cellular 
elements weie studied by the supiavital method of staining living 
cells An endeavoi was made to asceitam whethei there is any dif- 
ference between the cytologic obseivations m steiile synovial fluid and 
m that f lom which positive cultuies of bactena aie obtained There 
is no account in the hteiatuie of a coil elation of these factois 

Considerable attention has been given m the literatuie to the 
bactenologic and clinical aspects of both acute and chiomc arthritis 
Cytologic studies of the synovial fluid have been considered m less 
detail and rathei inadequately We had hoped that this would have 
some bearing on the cultuial obseivations, and that a positive joint 
cultuie could be piedicted fiom the numbei and types of cells found 
Studies of syphilitic, tubeiculous, acute septic and traumatic types of 
arthritis aie not leported The data piesented weie accumulated by 
the study of sixty-thiee cases of chiomc aithntis The cases weie 
seen m the wards and m the outpatient depaitment of the Johns Hopkins 
Hospital dui mg the yeai 1926-1927 

CLINICAL STUDY 

The cases studied, as detei mined by clinical and roentgenologic 
evidence, included fifty-two of the infectious type, nine of the hypei- 
trophic type and two of the infectious and hypeiti opine type These 
cases presented vanous degiees of clinical activity, manifested by 
swelling, tenderness, stiffness and mciease in local heat of the joints 
There were fifty-four cases of multiple joint involvement, and lime 
cases of single joint involvement In the latter group, two patients 
had localized arthritis in the hip joints, and seven had localized arthntis 

* From the Biological Division, Medical Clinic and Orthopedic Service of the 
Johns Hopkins Hospital, Baltimore 
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in the knee joints An analysis of the cases as to sex showed that 54 
per cent were m men and 46 per cent weie in women This percentage 
is essentially the same as that found by Billings, Coleman and Hibbs * 1 
and by Pemberton and Pierce 2 3 4 5 The former, m 411 cases, reported 59 
per cent m men, and 41 per cent m women, while the latter reported 
700 cases with 69 per cent m men and 31 per cent in women The 
patients varied in age from 15 to 72 years The average age was 43 


Table 1 — Analysis of Probable Source of Infection in Sixty-Three Cases 

of Chionic Aithntis 



Probable Sources of Infection 

No of Cases 

Per Cent 

1 

Throat without history of acute tonsillitis 

23 

38 9 

2 

Infected tonsils 

14 

237 

3 

Prostatitis 

7 

118 

4 

Infected sinuses 

4 

68 

5 

Abscessed teeth or pyorrhea 

3 

51 

6 

Urethritis 

3 

51 

7 

Gastro intestinal tract 

2 

34 

S 

Uterine cervicitis 

1 

17 

9 

Pyelitis and cystitis 

1 

17 

10 

Infected toes 

1 

17 


The duration of the disease varied from one month to sixteen years 
The average duration was three years 

Particular attention was paid to the probable source of infection 
An analysis of the most likely foci of infection in the sixty-three cases 
is recorded m table 1 

In four of these sixty-three cases the probable sources of infection 
could not be determined Two were thought to be partly metabolic m 
origin In the nineteen cases in which organisms were grown from the 

Table 2 — Pi obable Som ces of Infection in Nineteen Cases of Chronic Aithntis 
in Which Organisms Weie Giozun fioin Joints oi Regional Lymph Nodes 


Probable Sources of Infection 


No of Cases Per Cent 


1 Throat without history of acute tonsillitis 

2 Infected tonsils 

3 Infected sinuses 

4 Prostatitis 

5 Cervicitis 
G Urethritis 


S 

5 

2 

2 

1 

1 


421 
26 3 
10 5 
10 5 
53 
53 


joints or regional l}mph nodes, the probable sources of infection were 
as recorded m table 2 

Reports of these nineteen cases are given at the end of the paper 


1 Billings, F , Coleman, G H , and Hibbs, W G Chronic Infectious 
Arthritis Statistical Report with End-Results, J A M A 78 1097 (April 15) 
1922 

2 Pemberton, R, and Pierce, E G Clinical and Statistical Study of 
Chronic Arthritis Based on 1,100 Cases, Am J M Sc 173 31, 1927 
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BACTERIOLOGY OF JOINTS AND REGIONAL LYMPII NODES 

Schullen, 3 in 1893, described a small bacillus which he obtained by 
culture on gelatin bouillon of joint fluid from patients with chronic 
rheumatoid arthritis, and which, when injected in dogs, produced 
arthritis 

Blaxall, 4 5 6 m 1896, found m the synovial fluid of rheumatoid 
arthritic joints, and occasionally in the blood, a minute bacillus It pos- 
sessed marked polar staining, was decolorized by Gram’s method, and 
could be stained only by prolonged immeision in aniline-methylene 
blue Inoculation experiments failed 

Poynton and Paine, 0 in 1902, who had previously found a dip- 
lococcus or short streptococcus in patients with acute rheumatism, 
isolated a similar organism from an osteo-aithntic joint, which pro- 
duced arthritis when injected intravenously into rabbits 

Rosenow, 0 in 1914, stated that in cases of arthritis deformans he 
found the same oigamsm in regional lymph nodes as in the joints, 
but he did not cite any examples He made cultures of legional lymph 
nodes in fifty-four cases of chronic arthritis In thirty-two instances 
he recovered nonhemolytic sti eptococci , in fourteen, B ivclchn, in five, 
staphylococci , in five, diphthenods , in three, B mucows, in one, 
Mia ococcus cataiihalis, in one, gonococcus, and in seven, no growth 

Bloomfield, 7 in 1915, studied the bacterial flora of lymph nodes 
He employed in this study seven normal and twenty-five pathologic 
nodes In a high percentage of cases, organisms could be grown more 
often in diseased than in noimal nodes The oiganisms obtained were 
saprophytes, identical with, or closely related to, the surface flora of 
the body Bloomfield suggested that these organisms constitute, per- 
haps, a more or less permanent floia of lymph nodes None of the 
twenty-five strains isolated could be shown to be the cause of specific 
diseases 

Billings, Coleman and Hibbs, 1 m 1922, made cultures of regional 
lymph nodes in twenty-eight cases of chronic infectious arthritis In 
one case they isolated a hemolytic streptococcus , nineteen cases showed 
green, nonhemolytic streptococci, and one revealed a mixture of hemo- 

3 Schullen Untcrsuchungen uber die Actiologie der sogen chromsch- 
rheumatischen Gelenkentzundungen, Bcrl klin Wchnschr 30 865, 1893 

4 Blaxall, F R Rheumatoid Arthritis Its Clinical History, Etiology, 
and Pathology, Lancet 1 1120, 1896 

5 Poynton, F J , and Paine, A Reports of the Pathological Society of 
London Brit M J 1 79, 1902 

6 Roscnow, E C The Newer Bacteriology of Various Infections as 
Determined by Specific Methods, J A M A 63 905 (Sept 12) 1914 

7 Bloomfield, A L The Bacterial Flora of Lymphatic Glands, Arch Int 
Med 16 197 (Aug) 1915 
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lytic and nonhemolytic streptococci Joint cultures were made m four- 
teen cases In die of these, green nonhemolytic streptococci were 
cultiv ated, and m one a mixed hemoly tic and nonhemolytic streptococcus 
growth was obtained 

Boots and Cullen, 8 9 m 1922, studied the hydrogen ion concentration 
of joint exudates m its relation to infection They found an acid 
reaction m one case of infection with Staphylococcus aniens, and in 
one case of infection with Sti eptococcus hemolyticus In cases of 
rheumatic fe\er and arthritis of undetermined origin, the p a of the 
synovial fluid approximated that of the blood 

Holman D in a recent renews discussed the subject of focal infection 
and electne localization Reference should be made to this paper for 
a more detailed account of the role of focal infection in pathologic 
processes 

All our cultures were made by planting the synovial fluid m blood 
beef infusion broth at /> H 7 4 and on blood beef infusion agar at /> H 
7 4 Deep cultures w ere made with ascitic fluid dextrose — beef infusion 
agar, /> H 7 4 Cultures were planted on ascitic fluid dextrose agar, the 
tops ot the latter tubes were heated to force out the oxygen, and 
a rubber stopper was inserted immediately Similar procedures were 
used for hmph node cultures when these were made Table 3 gives 
the results m the positive cases 

In all, cultures were made of the joint fluids of sixty-three patients, 
with the recovery of organisms m fouiteen, or 22 per cent In some 
of the positive cases repeated punctures and cultures were made, giving 
a total of twenty -one bacteriologically positive joint fluids Eleven of 
the joint cultures contained Sti eptococcus vmdans, two gonococci and 
one Staphylococcus aniens 

Regional lymph nodes were excised or punctured, and cultures 
made m twenty -one of the sixty -three cases 10 There were ten posi- 
tive growths or 48 per cent Of the ten positive growths, nine were 
of Sti eptococcus vmdans and one of gonococcus In five of these 
cases, there were positive joint cultures, the same type of organism being 
grown from the joint and the lymph node 

8 Boots, R H , and Cullen, G E The Hydrogen Ion Concentration of 
Joint Exudates in Rheumatic Fever and Other Forms of Arthritis, J Exper 
Med 36 405, 1922 

9 Holman, W L Focal Infection and “Elective Localization,” Arch 
Path 5 68 (Jan) 1928 

10 For a number ot jears in the Johns Hopkins Hospital Clinic, lymph 
nodes have been removed for culture in chronic arthritis Stimulation for part 
of this work was obtained from experience with these cultures and contact with 
Dr W S Baer, Professor of Orthopedic Surgery 
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Refeience to tables 3 and 4 will show the cell counts m most of 
the positive cases The lelationship between the inci eased cell count 
and the positive cultuies is discussed undei the heading Cytology 
Fiom these bactenologic studies, it is appaienl that positive cultures 
can be obtained m joint fluids and icgional lymph nodes m a fair per- 

Table 3 — Results of Positive Culttact of Svnovia! Fluid 






Incubation Degree of 


Duration of 



Lr niph 


Period, 

Clinical 

Probable 

Arthritis, 

Case 

Joint 

Node 

Organism 

Groutli 

Dn.\s 

Activity 

Pocus 

Years 

1 

Left knee 


S Mridans 

Light 

1 

+ + 

Throat 

2 

2 

Right knee 


S riridans 

Light 

3 

+ + + 

Tonsils 

5 

S 

Left knee 


S vindnns 

Light 

3 

++++ 

Tonsils 

% 

4 

Left knee 


S r Iridnns 

Light 

2 

+ + + + 

CervK 

10 



Right 

inguinal 

S vindnns 

Light 

2 




5 

Right knee 


S vindnns 

Light 

G 

+ + + 

Throat 

0 


1'pltro 

chlcar 

S vindnns 

Light 

(> 





6 

Right knee 


S Mridans 

Light 

1 

++ + 

Prostate 

Z'A 


Right knee 


S 1 iridnns 

Light 

1 





Left knee 


S 4 irid ins 

Light 

2 





Right .inkle 


S r iridnns 

Light 

2 




7 


Lpitro- 

chlenr 

S Mndnns 

Light 

3 

+ + d 

Tonsils 

15 


Left knee 


S a iridnns 

Light 

3 




S 


Avillnry 

Gonococcus 

Light 

0 

1 A 

Prostate 

% 


Left knee 


Gonococcus 

Light 

i 




Left knee 


Gonococcus 

Light 

o 





Left knee 


Gonococcus 

Light 

o 





Left knee 


Gonococcus 

Light 

o 





Left knee 


Gonococcus 

Light 

2 




9 

Right knee 


S \indms 

Moderate 

3 

+ + + h 

Tonsils 

1 



Right 

inguinal 

S 4 iridnns 

Light 

3 




10 

Right knee 


Gonococcus 

I ight 

2 

+ + 

Prostate 

1 

11 

Right hip 


Staph 

aureus 

Moderate 

2 

+ f- 

Throat 

2 

12 

Right hip 


S Mndnns 

Model ate 

3 

+ 

Throat 

1G 

13 

Right knee 


S r iridnns 

Light 

3 

+ + 

Throat 

1% 

14 

Left knee 


S vlrid.tns 

Ligiit 

1 

A 

Throat 

12 

15 


Right 

inguinal 

S Mndnns 

Moderate 

2 

+ + 

Throat 

S 

1G 


Right 

inguinal 

S virldnns 

Light 

3 

++ + + 

Sinus 

G 

17 


Lpitro 

ehlenr 

S virldnns 

Light 

3 

-1 + i 

Sinus 

1 

18 


Right 

cereical 

S \ iridnns 

Moderate 

3 

+ + 

Tonsils 

3% 

19 


Left 

Inguinal 

S r iridnns 

Light 

D 

+ 

Throat 

2% 


centage of cases of chiomc aithntis of nontubeiculous and non- 
syphilitic origin It is also appaienl that m the positive cases, lepeated 
positive cultures can be obtained fiom the same oi sinnlaily involved 
joints The coincidence of isolating the same oigamsm fiom both the 
lymph nodes and the joints points towaid these oigamsms as the 
etiologic agents m the aithntic cases repoited 
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CYTOLOGY OF SYNOVIAL FLUID 

The data reported were accumulated from a study of thirty-three 
fluids from the knee joints of patients with chronic arthritis 

The literature contains but little work of real value on the his- 
tology of joint fluid The textbooks of histology and pathology barely 
mention the subject Abadie, 11 m 1902, examined the synovial fluid 
in three cases of chronic arthritis, termed by him “arthropathies tabe- 
tiques ” He found the red blood cells always m great numbers, 
comprising from 60 to 80 per cent of the total cells present Of the 
other elements, 87 per cent were small lymphocytes, 6 per cent were 
polymorphonuclears and 7 per cent “gieat mononuclears,” endothelial 
cells and atypical cells In two cases of arthritis deformans he found 
somewhat fewer cells, with 60 per cent red cells, 30 per cent lympho- 
cytes and the remaining 10 per cent mononuclears and endothelial cells, 
without any polymorphonuclears 

Giffon and Abrami, 12 in 1907, described a fluid m a patient with 
syphilis There was a polymorphonuclear preponderance which, after 
treatment, changed to a lymphocytic preponderance 

Singer, 13 in 1915, found joint fluid in arthritis associated with 
dysentery to be rich in polymorphonuclear leukocytes and lymphocytes 

Cecil, 14 in 1916, studied the pathology of joints and synovial fluid 
by injecting one or more doses of Streptococcus vmdans into vitally 
stained rabbits Acute or subacute infectious arthritis was produced 
in many cases He stated that the joint sections showed a considerable 
number of large endothelial cells or macrophages m addition to numer- 
ous leukocytes These macrophages, he believed, migrated from the 
tissue into the joint exudate and could not be seen to develop from the 
endothelial lining of the joint 

Labor and von Balogh, 15 in 1919, found cells m various arthntides 
as follows 

(a) Normal knee joint — from 10 to 20 cells per cubic millimeter, no wander- 
ing or endothelial cells 

11 Abadie, M J Examen cytologique du liquide articulaire de quelques 
arthropathies chromques, Compt rend Soc de biol, 1902, p 945 

12 Giffon, V , and Abrami, P L’hydarthrose de la syphilis secondaire 
Etude cytologique et experimental de 1’epanchment, cited in Ann d mal ven 
2 53, 1907 

13 Singer, G Erfahrungen aus der letzten Dysenteneepidemie, Munchen 
med Wchnschr 62 183, 1915 

— 14 Cecil, R L A Study of Experimental Non-Hemolytic Streptococcus 
Lesions m Vitally Stained Rabbits, J Exper Med 24 739, 1916 

15 Labor, M , and von Balogh, E Zytologische und serologische Unter- 
suchungen der Synovia lm besonderen bei akuten Gelenksentzundungen, Wien 
khn Wchnschr 32 535, 1919 



FORKNER ET AL— CHRONIC ARTHRITIS 


681 


( b ) Acute rheumatism— always about 7,000 cells per cubic millimeter, mostly 

polymorphonuclear elements, with a few mononuclears, and about 3 

per cent endothelial cells 

( c ) Gonorrheal arthritis— about 16,000 cells per cubic millimeter, endothelial 

cells entirely absent in the acute stage 

( d ) Rheumatoid dysentery — 

(1) Acute stage — from 2,000 to 5,000 cells per cubic millimeter, poly- 
morphonuclears more numerous than mononuclears, endothelial 
cells always present, but never more than from 2 to 3 per cent 
(2) Convalescent stage — from 750 to 1,500 cells per cubic millimeter, 
lymphocyte number may exceed the polymorphonuclears , endo- 
thelial cells increased to from 4 to 5 per cent 

Pewny, 10 in 1921, used the cell count of synovial fluid to distinguish 
between traumatic and tuberculous arthritis He found that in tuber- 
culous arthritis there were almost always a greater number of leukocytes 
(approximately 1,000) and fewer red cells than in tiaumatic arthritis 
In the latter cases the white cells numbered from 400 to 600 cells per 
cubic millimeter 

Chesney, Kemp and Baetjer, 17 in 1926, made a careful study of ten 
patients all of Avhom had syphilis and arthritis Five of these had 
definite syphilis of the joints In three early cases they obtained total 
white cell counts of from 17,000 to 24,000 per cubic millimeter In 
two late cases the counts were 2,480 and 1,500 In four of their cases 
of syphilis of the joints there were high peicentages of lymphocytes and 
mononuclears combined (from 43 to 62 per cent) They did not 
separate the mononuclear elements 

The studies heretofoie reported by various authors have been made 
from fixed films of the cells Repoits aie not available on the chaiacter 
of the living cells m the synovial fluid The supravital technic of 
studying living cells provides a means of obtaining more accurate and 
reliable data on their physiology and histology By this means one 
can make observations on the ameboid activity, phagocytic power, 
behavior to altered environment, fi agility, degenerative changes and 
other characteristics Thus, information can be obtained concerning 
the life cycle of the cells 

The usual histologic methods require that the tissues should be 
subjected to rigorous measures, which not only obscure the physiologic 
processes of the cells, but also produce false pictures 

16 Pewny, W Cytologic Investigations of Tuberculous Effusions of Joints, 
Wien klin Wchnschr 34 22, 1921 

17 Chesney, A M , ICemp, J E, and Baetjer, F H Experimental Study 
of Synovial Fluid of Patients with Arthritis and Syphilis, J Chn Investigation 
3. 131, 1926 
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The behavior of blood cells towaid vital dyes was studied by Rosin 
and Bibergeil in 1902 18 and m 1904, 19 but it is the work of Evans and 
Scott, 20 Simpson 21 and Sabin 22 which has developed efficiently the 
so-called supravital technic A buef description has been published by 
one of us (Forkner 23 ) and is lepeated heie For more detailed 
descriptions of the method, reference should be made to the works of 
the foregoing authois 

A thin film of dye m alcoholic solution is smeared across the surface of a 
previously cleaned, polished, and warmed glass slide This is done by dipping 
the end of another slide, with which the smear is made on the former one into 
a fresh mixture (10 drops) of equal parts of 0 5 pei cent alcoholic solution of 
neutral red, and a 0 1 per cent alcoholic solution of janus green Solutions of the 
dyes are kept on hand, made up in 95 per cent alcohol The dyes are not mixed 
until they are ready for use, because a mixture is not a stable preparation Solu- 
tions of varying concentrations should be employed for-„makmg the dye films 
until one has gained proficiency m estimating the optimum concentration desired 
Emphasis should be placed on staining the cells as lightly as is consistent to 
obtain good differentiation of the structures they contain If the dyes are employed 
in concentrated solutions, the nuclei will be stained and the cells quickly killed 
The glassware must be scrupulously clean, because cells are delicate structures, 
and any acid, alkali, or the like will injure their membranes, and markedly alter 
their physiologic behavior 

Janus green and neutial red are t datively nontoxic dyes The 
former in dilute concentration is a specific stam for mitochondria, and 
the latter a specific stain for cytoplasmic structures 

In the study of living blood cells, a freely flowing drop of blood 
is obtained on the under surface of a coverslip, and allowed to fall 
gently on the slide prepared with the dye With blood, the plasma takes 
up some of the dye, and the cells are bathed m the dilute solution from 
which they become specifically stained The same procedure is easily 
applicable to joint fluid 

18 Rosin, H , and Bibergeil E Ergebnisse vitaler Blutfarbung, Deutsche 
med Wchnschr 27 41, 1902 

19 Rosin, H , and Bibergeil, E Das Verhalten der Leucocytes bei den 
vitalen Blutfarbung, Virchows Arch f path Anat 178 478, 1904 

20 Evans, H M , and Scott, K T On the Segregation of Macrophage 
and Fibroblast Cells by Means of Vital Acid Dyes and on the Cause of the 
Differential Effect of These Substances, Anat Record 16 148, 1919 

21 Simpson, M E Vital Staining of Human Blood with Special Refer- 
ence to the Separation of Monocytes, Umv California Pub Anat 1 1, 1921 

22 Sabin, F R Studies on Living Human Blood Cells, Bull Johns Hop- 
kins Hosp 34 277, 1923 

23 Forkner, C E Material from Lymph Nodes of Man Method to 
Obtain Material by Puncture of Lymph Nodes for Study with Supravital and 
Fixed Stains, Arch Int Med 40 532 (Oct ) 1927 
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Normal joint fluid is clear, thick and stringy Pathologic states m 
which there is an mciease m joint fluid and mci eased cellular content 
show a decreased viscosity and vanous degiees of turbidity and yellow- 
ish color Because of these charactenstics, the joint fluid, when diluted 
with acetic acid solution, as m the making of ordinary white blood cell 
counts, foims a heavy cloud in the pipet, preventing accurate enumeia- 
tion of the cellular elements For this reason, the fluid is counted either 
without dilution, or by dilution with physiologic sodium chloride solu- 
tion An ordinal y blood counting chamber may be used Total and 
differential counts were made m all instances 

The cellular content of the noimal and pathologic synovial fluid 
consists of blood cells and ceitam tissue cells Red blood cells are 
not found m normal fluid, and aie larely piesent in chronic, non- 
tuberculous, nonsyphilitic aithntis, except as the lesult of trauma All 
types of white blood cells may be found Occasional clasmatocytes 
(macrophages) and synovial mesothelial cells may be seen The term 
“mesothelial cell” is used to designate the lining cell of the synovial 
membrane It is compaiable to the endothelial or epithelial cell of other 
authors Table 4 gives, at a glance, the essential chai acteristics of such 
cells, when stained by the supiavital method with neutral red and 
janus green 

Table 5 gives the cell counts in the joint fluids of patients with 
chronic arthritis in which bacterial cultures weie positive 

Table 6 gives the cell counts in three cases in which regional lymph 
node cultuies were positive, but in which joint fluids were negative 
Table 7 gives the cell count of the synovial fluid in cases m which 
both the joint fluid and the lymph nodes weie bacteriologically negative 
Table 8 gives the cell count m cases m which the joint fluid was 
negative and the lymph nodes weie not cultmed 

The average of all the positive joint fluids is as follows total white 
cell count, 11,018, percentage of neutiophils, 612, basophils, 0 22, 
eosinophils, 0 1 , monocytes, 15 1, lymphocytes, 19 1 , clasmatocytes, 
3 22 , unclassified, 0 9 On the othei hand, the average of all the 
negative joint fluids is as follows total white cell count, 5,670, pei- 
centage of neutrophils, 501, basophils, 0 29, eosinophils, 017, mono- 
cytes, 19 78, lymphocytes, 26 28, clasmatocytes, 2 59, mesothelial cells, 
0 61 , unclassified, 0 05 

COMMENT 

Study of the tables reveals several intei estmg obseivations 1 Both 
the highest and lowest total number of cells weie encountered in the 
joint fluids from which positive cultuies were obtained 2 The 
synovial fluids m all the cases studied mvanably had an increased white 
cell count 3 The aveiage total white cell count of the bacteriologically 
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positive joint fluids was appioximately double that of the negative joint 
fluids. 4 The highest total white cell counts and the highest incidence 
of positive cultuies weie found, as a lule, m the fluids of the most 
clinically active joints Theie weie exceptions to this lule 5 The 
poiymoi phonucleai neutiophils weie 11 1 per cent highei in the gioup 
of positive joints than m the negative joints The clasmatocytes were 
likewise mci eased m this gioup The numbei of monocytes and 
lymphocytes was definitely highei m the negative joint fluids than m 
the positive fluids 6 Desquamated mesothelial cells aie by no means 
a constant observation m the aitlnitic joint fluid When encountered 
they appeal to be degeneiatmg cells, as will be seen m table 4 7 The 

aveiage peicentage of mononucleai cells in the joint fluids of patients 
with clnonic nonsyplulitic and nontubeiculous arthntis is appioxi- 
mately the same as that lecoided by Chesney, Kemp and Baetjei 17 
m patients with syphilitic joint disease 

X-iay studies weie made in this gioup of cases, but new informa- 
tion could not be lepoiled A definite lelationship did not exist between 
the x-iay changes and the cytologic evidence The number and types 
of cells found cannot be foietokl by study of the loentgenogiams 
Buef x-iay leports aie lecoided with the case histones 

SUMMARY 

1 Bacteuologic and cytologic studies of the synovial fluids m 
sixty-thiee cases of clnonic, nonsyplulitic and nontubeiculous arthritis 
are reported The lesults of lymph node cultuies m twenty-one of 
these cases are recorded 

2 Positive cultuies weie obtained fiom the joint fluid m 22 pet cent 
of the total number of cases Positive giowths weie obtained in 48 
per cent of the lymph nodes cultuied 

3 Inci eased white cell counts m the synovial fluid weie found in 
all cases The aveiage white cell count m the synovial fluid in the bac- 
tenologically positive cases was appioximately double that in the 
negative cases The numbei of poiymoi phonucleai neutiophils was 
distinctly highei m the gioup in which positive cultuies weie obtained 
m the joint fluid The number of monocytes and lymphocytes was 
definitely highei m the gioup in which negative cultuies weie obtained m 
the joint fluid Synovial mesothelial cells aie not a constant observa- 
tion m arthntic joint fluid 

4 Case repoits aie given of patients with positive bacteriologic cul- 
tures of synovial fluid and lymph nodes 

REPORT OF CASES 

Cash. 1 —I-hstm y — Miss A B, aged 52, was seen m the dispensaiy on March 
11, 1927, with the complaint of pain, swelling and stiffness of the knee joints A 
diagnosis was made of chronic infectious arthritis The onset of pain m the 
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knees, especially the left, had been gradual, having begun two years before The 
knees were swollen and stiff, and grating was noted No other joints were 
involved 

The patient’s health was excellent m general up to that time Infected 
teeth were removed one year after the onset Sore throat and colds occurred 
frequently She suffered from chronic constipation An appendectomy had 
been performed in 1916 Nocturia had occurred once a night for many years 

Examination — The patient was obese The blood pressure was 190 systolic 
and 160 diastolic The lymph nodes were not enlarged The tonsils were small, 
pale and scarred, nothing could be expressed from the crypts Many teeth 
were missing, abscesses were not found The sinuses were clear The heart 
and lungs were normal The abdomen was normal The joints of the knees 
showed tenderness, swelling and crepitus Observations in the pelvis were nega- 
tive 

Laboratory examinations revealed the following results The Wassermann 
reaction was negative The urme was normal, except for a trace of sugar X-ray 
pictures of the left knee showed hypertrophic arthritis Aspiration was per- 
formed on the left knee on March 24, 1927, a few drops of cloudy fluid were 
removed Culture showed a light growth of Streptococcus vindans Sufficient 
fluid for a cell count was not obtained 

Case 2 — Histoiy — L B, a widow, aged 47, was admitted on Jan 20, 1927, 
with the complaint of pain, stiffness and swelling of the joints A diagnosis 
was made of chronic infectious arthritis of the right knee, hands and spine She 
had had recurrent pain and stiffness m the right knee and m the fingers for 
about seven years The patient was admitted to the hospital because of abdominal 
pain due to a properitoneal hernia for which operation was performed While 
she was recuperating from the operation, an exacerbation of the arthritis 
occurred, with pain, stiffness and swelling of the right knee and the hands 

The patient’s health had been poor m general She had had diphtheria, 
typhoid fever, scarlet fever, malaria, measles and mumps The appendix had 
been removed and the gallbladder drained twenty-three years before Headaches 
and stiff neck were of frequent occurrence Sore throat occurred occasionally 
She had had pneumonia, pleurisy and influenza Nocturia had been present for 
eight years, causing urination from three to five times each night 

Examination — The patient was obese The blood pressure was 194 systolic 
and 96 diastolic Enlargement of- the lymph nodes was not observed The 
tonsils were moderately enlarged and reddened Several teeth were missing, 
a considerable amount of dentistry had been performed The heart was moder- 
ately enlarged, the aortic second sound was accentuated, the peripheral vessels 
were moderately sclerosed The lungs were clear The abdomen was normal, 
except for a properitoneal hernia The pelvis contained small hard Bartholin's 
glands, but was otherwise normal The right knee showed tenderness, swelling 
and crepitus, the hands were slightly swollen and stiff, the lumbar spine was 
slightly tender, and motion was restricted 

Laboratory examination of the blood revealed red cells, 4,944,000, hemo- 
globin content, 83 per cent (Sahli) , white cells, 11,100, polymorphonuclears 66 
per cent The Wassermann reaction was negative The urine gave negative 
observations except for faint trace of albumin An x-ray picture (fig 1) of 
the right knee showed infectious arthritis The exostoses on the tibial spines 
and on the inner aspects of the femoral condyles should be noted m figure 1 
There was an irregularity about the external condyle of the tibia, and a moder- 
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ate amount of bone atrophy By aspiration of the right knee on May 5, 1927, a 
few cubic centimeters of normal fluid were obtained Culture showed a light 
growth of S mndans The cell count was 80 per cubic millimeter The dif- 
ferential count showed neutrophils, 10 per cent, lymphocytes, SO per cent, and 
monocytes, 40 per cent 

The patient was discharged on May 6, 1927 

Case 3 —ITtstot y — E B , a man, aged 37, married, was seen in the dispensary 
on March 16, 1927, with a complaint of soreness and tenderness of the wrists 



Fig 1 (case 2) — Infectious arthritis of the right knee The exostoses on 
the tibial spines and on the inner aspects of the femoral condyles should be noted 
Irregularity is seen about the externa! condyle of the tibia, and there is a 
moderate amount of bone atrophy 

fingers, knees, ankles and back A diagnosis was made of chronic infectious 
arthritis Two months previously, the patient had an attack of quinsy and 
tonsillitis Five weeks later, the wrists, elbows, knees and ankles became painful 
and swollen, this condition persisted The most marked symptoms were in the 
left knee 

The patient’s health had been excellent m general He had sore throat fre- 
quently as a child, and cold with a cough occasionally A gonorrheal infection 
was present fifteen years before ' 
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Examination — The patient was well nourished and developed There was 
a slight enlargement of the lymph nodes The tonsils were enlarged and showed 
evidence of chronic infection, there was hypertrophy of the lymphoid tissue in 
the posterior pharynx Seieral teeth were missing, the others were m poor 
condition, two periapical rarefactions were noted The heart and lungs were 
normal The observations in the abdomen were negative Enlargement and 
tenderness were not noted in the prostate The joints of the fingers were quite 
sensitive and showed Haygarth’s nodes, there was some swelling and tender- 
ness of the wrists , the knees showed slight swelling and tenderness, with evidence 
of an increase of fluid, the left ankle was extremely swollen and tender, with 
limitation of motion, the spine was tender in the lumbar region with restriction 
of motion 

Laboratory examinations revealed the following X-ray pictures of the left 
knee showed periarticular swelling By aspiration of the left knee on March 17, 
1927, 3 cc of thick syrupy fluid was obtained Culture showed a light growth 
of .S' vuidans A total cell count was not made because of the scarcity of cells 
The differential count revealed neutrophils, 32 per cent, lymphocytes, 18 per 
cent, and monocytes, 50 per cent 

Case 4 — Histoiy — Mrs E F, aged 48, was admitted on July 20, 1927 with 
the complaint of soreness, stiffness and swelling of the wrists, fingers, shoulders, 
knees and ankles A diagnosis was made of chronic infectious arthritis Swell- 
ing and soreness in the ankles was first noted ten years previously, six months 
later it appeared in the arms and wrists, and still later through her shoulders 
and knees This condition became progressively worse 

The patient’s health was good in general until that time Nine years before 
admission to the hospital a nasal operation was performed, seven years before 
admission the tonsils were removed Corneal ulcers occured about every two 
years Constipation was marked There had been three pregnancies and one 
miscarriage A leukorrheal discharge was observed for several years The 
patient had lost 16 pounds (7 3 Kg ) during the last year 

Examination — The patient was markedly undernourished- and in considerable 
pain There was a moderate enlargement of the lymph nodes The tonsils had 
been cleanly removed The sinuses were clear The teeth were in good condi- 
tion The heart and lungs were normal The abdomen was normal, except for 
slight tenderness in the right upper quadrant The pelvis revealed marked lacer- 
ation of the cervix with chronic cervicitis There was marked swelling of the 
wrists with deformities of the hands and fingers, the elbows, shoulders, knees and 
ankles were swollen and tender with limitation of motion, the knees showed evi- 
dence of an increase of fluid 

Laboratory examination of the blood revealed red cells, 4,110,000, hemo- 
globin content, 70 per cent (Sahli) , white cells, 9,400, polymorphonuclears, 68 
per cent , lymphocytes, 30 per cent, and monocytes, 2 per cent The Wassermann 
reactions in the blood and spinal fluid were negative The urine gave negative 
observations, except for slight trace of albumin The x-ray picture of the 
right knee (fig 2) showed marked infectious arthritis Marked narrowing of 
the joint space, atrophy of the bone, irregularity of the external condyle of the 
femur and the exostoses on the internal condvles of the femur and tibia should 
be noted in figure 2 Culture of the lymph nodes of the right inguinal group on 
July 21, 1927 revealed a moderate growth of S vuidans Aspiration of the 
right knee on July 21, 1927, produced a large amount of turbid fluid Culture 
showed F vuidans The cell count was 23,680 per cubic millimeter The differ- 
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ential count revealed neutrophils, 93 per cent, lymphocytes, 4 per cent, mono- 
cytes, 1 per cent, and macrophages, 2 per cent Man} vacuolated cells were 
present, the neutrophils were ver} active 

The patient was discharged on Aug 17, 1927 

Case 5—Histo/y— H F, a man, aged 40, married, was seen in the dis- 
pensary on May 24, 1927, with a complaint of swelling, pam and stiffness m the 
ankles, knees, lups, hands and neck A diagnosis was made of multiple infec- 
tious arthritis The onset had been gradual eighteen months previously, with pam 



Fig 2 (case 4) — Infectious arthritis of the right knee The knee show's 
marked involvement The narrowing of the joint space, atrophy of the bones, 
irregularity of external condjle of femur and the exostoses on the internal 
condjles of the femur and tibia should be noted 


m the right hip and knee At this time, some pain was noted in the right hand 
with swelling, which became progressively worse Ten months before admis- 
sion to the dispensary, further extension occurred to the other joints mentioned 
The patient’s health had been excellent He had sore throat occasionally All 
the teeth were out His appetite was good, and bowel movements were regular 
He had not had any venereal disease 

Examination — The patient was poorly nourished There was a moderate 
enlargement of the lymph nodes The tonsils were small, adherent and not 
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inflamed The sinuses were clear The teeth had all been extracted The heart 
and lungs were normal The edge of the liver was just palpable The prostate 
was normal The wrists, fingers, elbows, shoulders and knees all showed 
tenderness with limitation of motion , there was an increase of fluid in the knees , 
the hands showed atrophic changes 

Laboratory examinations revealed the following results The urine was 
normal The Wassermann reaction was negative An x-ray picture of the 
right knee showed periarticular swelling Culture of a lymph node excised 
from the left epitrochlear showed a light growth of S vu idans Aspiration of the 
right knee on June 2, 1927, yielded SO cc of turbid, straw colored fluid Culture 
showed a growth of S' vindans The cell count was 41,920 The differential 
count revealed neutrophils, 82 per cent, lymphocytes, 11 per cent, and monocytes, 
7 per cent Aspiration of the right knee on July 30, 1927, yielded the same type 
and quantity of fluid as was obtained previously Culture showed S' vindans 
The cell count was 39,500 The differential count revealed neutrophils, 89 per 
cent, eosinophils, 1 per cent, lymphocytes, 6 per cent, and monocytes, 4 per cent 

Case 6 — Histoiy — J G, a man, aged 40, unmarried, was admitted Jan 29, 
1927, with the complaint of pain m the back, stiffness m the muscles and neck 
and soreness all over A diagnosis of chronic infectious arthritis was made 
The onset occurred about five and one-half years before, with pain in the right 
hip, the back of the thigh and the right knee This pain was characterized by 
attacks coming on every few weeks lasting two or three days Four years 
before admission to the hospital, the stiffness and soreness in the back increased 
Two and one-half years before admission, he had considerable palpitation and 
noticed some irregularity of the heart Thirteen months before admission, a 
tonsillectomy was done and four abscessed teeth were extracted, this was fol- 
lowed by a prompt clearing up of the arthritis One year before admission, he 
noticed that his right sternoclavicular joint was enlarged During the eight 
months before admission, many joints were involved but especially those of the 
dorsal and cervical vertebrae 

The patient’s health was fair previously He had scarlet fever, measles and 
pneumonia as a child He had rheumatic fever at the age of 23, and also at 19 
Eight years before, he had tonsillitis and quinsy, and during this attack he noticed 
that his joints were inflamed, particularly m the upper extremities Nine years 
before, he had influenza and pneumonia Constipation of a moderate degree had 
been present He had gonorrhea at the ages of 19, 20 and 23 He had lost 20 
pounds (9 Kg ) during the last year 

Examination — The patient was emaciated and apprehensive There were a 
few palpable lymph nodes m the groins, but no general glandular enlargement 
A few tonsillar tags remained, culture from throat showed a beta-hemolytic 
streptococcus Several teeth had been removed, the remaining teeth were in 
fair condition The blood pressure was 112 systolic, and 62 diastolic There 
was moderate enlargement of the heart to the left with a systolic murmur at 
the apex The lungs were clear The abdomen was normal The right lobe 
of the prostate was moderately enlarged and somewhat thickened, but not tender, 
the left lobe was slightly enlarged The spine showed considerable stiffness 
and tenderness , the knees and ankles showed moderate swelling and tenderness, 
with limitation of motion, the right shoulder showed tenderness, swelling, and 
limitation of motion, the right sternoclavicular joint was swollen and sore 

Laboratory examinations of the blood revealed red cells, 4,000,000, hemo- 
globin content, 72 per cent (Sahli) , white cells, 10,320, and polymorphonuclears, 
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70 per cent The Wassermann reaction was negative The urine was clear 
X-ray pictures of the lumbar spme showed infectious arthritis The right 
inguinal node was excised and did not show any growth on culture mediums on 
Feb 9, 1927 A few days after this, there was an acute exacerbation with involve- 
ment of almost all the joints, particularly the knees, with marked swelling, red- 
ness, pain and stiffness Culture of the blood during this time was positive for 
S vmdans on one examination By aspiration of the right knee and ankle on 
Feb 28, 1927, about 35 cc of cloudy, straw colored fluid was obtained from 
the knee, and about 5 cc from the ankle Cultures from both fluids showed 
5 vmdans The cell count was 3,000 The differential count revealed neutro- 
phils, 94 per cent, lymphocytes, 2 per cent, monocytes, 3 per cent, and macro- 
phages, 1 per cent Aspiration of the right knee on March 3', 1927, yielded the 
same results as were obtained previously Aspiration was performed on the 
right knee on March 10 and 14, 1927 , the culture was negative Aspiration was 
performed on the right knee on May 18, 1927 , the culture showed S vindans 

The patient was discharged on May 20, 1927 

Case 7 — History — C K, a man, aged 42, married, was admitted on April 
29, 1927, with a complaint of soreness, swelling and stiffness of the joints of the 
arms and legs, especally m the knees and hands A diagnosis was made of 
chronic infectious arthritis The onset had been gradual over a period of fifteen 
years, starting in the fingers of the right hand and spreading to the right wrist 
and ankles Two and one-half years before admission to the hospital, the back, 
and then the feet, elbows, shoulders and knees became involved Associated 
with the pains in the joints he had noticed a loss of weight and appetite with a 
decrease of strength 

His health had been fair He had measles, mumps with orchitis, influenza 
twice and malaria He had otitis media with drainage at the age of 20 An 
infection of the sinuses occurred at 16 Tonsillitis and abscessed teeth were not 
noted Constipation with bilious attacks was frequent Venereal infection had not 
occurred Nocturia causing urination one or two times each night was present for 
two years There was occasional pain with micturition 

Examination — The patient was rather poorly nourished, with considerable 
deformity and crippling The blood pressure was 138 systolic and 88 diastolic 
Marked enlargement of the lymph nodes was noted The tonsils were small, 
scarred and embedded, but did not appear to be infected The sinuses were 
clear The teeth appeared to be in fair condition The heart and lungs were 
normal The abdomen was normal The prostate was slightly enlarged, soft 
and uniform, and not tender The feet, knees, shoulders, elbows and hands 
showed swelling, tenderness, crepitus and limitation of motion, the spine was 
stiff and showed some limitation of motion, the hands showed atrophic changes 

Laboratory examinations of the blood revealed red cells, 4,800,000, hemo- 
globin content, 84 per cent (Sahli) , white cells, 6,550, and polymorphonuclears, 
69 per cent The Wassermann reaction was negative The urine was normal 
An x-ray picture of the right hand showed marked infectious arthritis A cul- 
ture was made of the right inguinal lymph node on April 29, 1927 The growth 
showed S vmdans Aspiration of the right knee on April 29, 1927, yielded 
50 cc of turbid, straw colored fluid, which gave a positive growth of S vn idans 
The cell count was 13,000 The differential count was neutrophils, 49 per cent, 
lymphocytes, 27 per cent, monocytes, 13 per cent, and macrophages, 11 per cent 
Aspiration of the right knee on May 3, 1927, yielded the same amount of fluid 



694 


ARCHIVES OF INTERNAL MEDICINE 


as was obtained previously, showing S' vindans The cell count was 15,680 
The differential count was neutrophils, 42 per cent, lymphocytes, 48 per cent, 
monocjtes, 3 per cent, and macrophages, 7 per cent 

Case 8 — Histoiy — P L, a man, aged 51, married, was admitted on Dec 15, 
1926, with a complaint of pain and swellmg of the joints, especially the knees, 
shoulders and hands A diagnosis w^as made of chronic infectious arthritis 
The onset had been rather abrupt eight months before with pain through the arches 
of the feet After turn months, this spread to the left knee, left hip, left hand and 
practically all the joints Three months before admission to the hospital, the 
right jaw became affected There was considerable pain, swelling and stiffness 
in the joints 

The patient’s health was fair up to that time He had severe headaches fre- 
quently All the teeth had been out for eighteen years Bowel movements were 
fairly regular, and indigestion w'as not noted Eight years before admission, he 
had a gonorrheal infection which subsided, and then he was reinfected At that 
time he had a sore heel for a few days which entirely cleared up He suffered 
from constipation for fifteen years Nervous breakdowns occurred fifteen years 
and one year before admission He lost 28 pounds (12 7 Kg ) during the last six 
months 

Examination — The patient was somewhat undernourished and had an 
extremely nervous temperament There was moderate enlargement of the lymph 
nodes The tonsils were scarred, embedded and red, and showed a few whitish 
areas, indicating a chronic tonsillar infection Culture revealed a beta-hemolytic 
streptococcus An old infection was observed in the left antrum The x-ray 
picture was reported to be clear The teeth had all been extracted The heart and 
lungs were normal The abdomen was normal The prostate was slightly 
enlarged with more pus cells than normal The knees, ankles and hands were 
swollen and tender, had a limitation of motion and showed crepitus, the hips, 
elbows and shoulders showed tenderness, crepitus and limitation of motion 

Laboratory examination of the blood revealed red cells, 3,400,000, hemo- 
globin content, 75 per cent (Sahli) , white cells, 7,800, and polymorphonuclears, 
72 per cent The Wassermann reaction was negative The urine was normal 
X-ray pictures of the left foot showed slight infectious arthritis The lymph 
node in the left axilla was punctured on Jan 8, 1927 The culture was positive 
for gonococci The material withdrawn showed an increased number of neu- 
trophils in the node Aspiration of the left knee on Jan 14, 1927, yielded a 
small amount of yellow fluid The culture was positive for gonococci The 
cell count was 3,240 per cubic millimeter The differential count was neutro- 
phils, 87 per cent , lymphocytes, 5 per cent, and monocytes, 8 per cent Aspiration 
was performed on the left knee on Feb 23, March 10 and March 27, gonococci 
were again recovered in culture 

Case 9 — Histoiy — Mrs G M, aged 32, was admitted on March 24, 1927, 
with the complaint of swollen, tender and painful joints A diagnosis was made 
of chronic infectious arthritis The onset had been sudden one year before, with 
swelling and tenderness in the right knee The swelling lasted a few days, and 
then had a tendency to recur repeatedly Six months later, the left elbow became 
invohed Three months before admission to the hospital, the toes and knee on 
the left side W'ere affected, followed by involvement of the right ankle and the left 
elbow Recently, the wTists became involved, and in the last tw’o weeks, the jaws 
and neck 



FORKNER E'l AL— CHRONIC ARTHRITIS 695 

The patient’s health had been excellent There were many fillings in the teeth 
Some constipation was present recently 

Examination — The patient was poorly nourished Moderate enlargement of 
the lymph nodes was observed The tonsils were small and not injected, but 
they showed a chronic infection The sinuses were clear The teeth showed 
several crowns and one periapical infection The heart and lungs were normal 
The abdomen was normal The pelvis was free from infection The knees and 
ankles showed swelling, tenderness, crepitus, limitation of motion and fluid, the 
elbows and hands showed swelling, tenderness and limitation of motion, the 
cervical spine and jaws showed tenderness and limitation of motion 

Laboratory examination of the blood revealed white cells, 8,320, hemoglobin 
content, 52 per cent (Sahlt) A Wassermann test was not done The urine 
was normal An \-ray picture of the right knee showed infectious arthritis 
Culture of the right inguinal node excised on March 31, 1927, showed a light 
growth of S vn tdaiis Aspiration of the tight knee on March 31, 1927, yielded 
a fair amount of slightly turbid, straw colored fluid The culture showed a 
moderate growth of S vvxdans The cell count was 900 per cubic millimeter The 
differential count was neutrophils, 70 per cent, lymphocytes, 8 per cent, mono- 
cytes, 8 per cent, macrophages, 4 per cent, degenerating cells, 6 per cent, and 
unclassified, 2 per cent 

The patient was discharged on April 5, 1927 

Case 10 — Htstoiy — E M, an unmarried man, aged 22, was seen in the 
dispensary on Feb 14, 1927, with a complaint of swelling and stiffness of the right 
knee A diagnosis was made of chronic sjnovitis of the right knee The onset 
of the condition occurred one year before with pam and swelling of the right 
knee, associated with slight pain m the left ankle and right thigh The pam and 
swelling of the knee persisted At this time the patient had an acute urethritis 

The patient’s health had been excellent He had an occasional sore throat, 
and there were a few bad teeth 

Examination — The patient was well nourished and well developed There 
was no enlargement of the lymph nodes The tonsils were enlarged and infected 
The teeth showed some devitalization Epididymitis was present, with chronic 
tenderness of the ankles 

Laboratory examinations revealed the following results the Wassermann 
reaction was negative X-ra> pictures of the right knee showed the bones to 
be normal, and an increase in fluid Aspiration of the right knee on Feb 15, 
1927, yielded a large amount of turbid, yellow fluid Culture showed a positive 
growth of gonococci 

Case 11 — History — Mrs A N, aged 46, was admitted June 12, 1927, with a 
complaint of pam and stiffness in the right hip and leg A diagnosis was made 
of hypertrophic arthritis of the right hip The onset occurred two years before 
at the time of a fall on the right hip which was followed by pain and stiffness 
m the joint This became progressively worse, the pain now radiating down the 
leg At times the pain became so severe that the patient fell down Slight pain 
and stiffness was noted through the left little finger 

The patient’s health was excellent She had sore throat and catarrh occa- 
sionally She suffered from chronic constipation 

Examination — The patient was well nourished There was no enlargement 
of the lymph nodes The tonsils were normal The teeth were in good condi- 
tion The heart and lungs were normal The abdomen was norma! The pel- 
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vis was normal Pain was elicited in the right hip on manipulation, with a 
limitation of all motion, especially flexion and external rotation 

Laboratory examinations revealed the following results The Wassermann 
reaction was negative The urine was normal An x-ray picture (fig 3) of the 
right 'hip showed hypertrophic arthritis The marked proliferation of the bone 



Fig 3 (case 11) —Hypertrophic arthritis of the right hip The marked pro- 
liferation of the bone about the head of the femur and the acetabulum and the 
flattening of the head, with areas of absorption, should be noted The joint 
space is narrowed 

about the head of the femur and the acetabulum and the flattening of the head, 
with areas of absorption, should be noted The joint space was narrowed An 
arthrotomy of the right hip was performed on June 13, 1927, as the capsule of the 
joint vas opened, a small amount of turbid, yellow fluid exuded Culture showed a 
growth of Staphylococcus auieus 
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Case 12 — Ilnioiy — F N, a man, aged 32, married, was admitted on June 28, 
1927, with a complaint of stiffness and pain m the right hip and leg A diagnosis 
was made of chronic infectious arthritis of the right hip For the past sixteen 
years the patient had recurrent pain and stiffness in the right hip, the pain at 
times radiated down the leg About eight months before admission to the hospital, 
the condition was quite severe, and caused a limping on the right side Since 
this time it had gradually subsided 

The patient’s health had been excellent He had colds and sore throat occa- 
sionally Eight years before admission he had a perianal abscess He denied 
venereal infection 



Fig 4 (case 12) — Marked bony destruction of the right hip There is a 
flattening of the epiphysis suggesting a gonorrheal or tuberculous infection, not 
unlike Perthes’ disease Marked narrowing of the joint space The marked 
irregularity about the lower articular portion of the head of the femur, and the 
areas of absorption through the head and that portion of the ileum immediately 
above the head, should also be noted 

Examination — The patient was well developed and well nourished Enlarge- 
ment of the lymph nodes was not noted The tonsils were small, adherent and 
not inflamed The sinuses were clear The teeth were poorly kept The heart 
and lungs were normal The abdomen was normal The prostate was normal 
The right leg was held m slight abduction and external rotation , there was 
spasm of the adductor muscles, and limitation of flexion and rotation 

Laboratory examination of the blood revealed white cells, 9,200, hemoglobin 
content, 85 per cent, lymphocytes, 33 per cent, and monocytes, 1 per cent The 
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urine was normal A Wassermann test was not done An x-ray picture (fig 4) 
of the right hip showed a marked bony destruction with a flattening of the 
epiphysis, suggesting a gonorrheal or tuberculous infection, not unlike Perthes’ 
disease There was marked narrowing of the joint space The marked irregu- 
larity about the lower articular portion of the head of the femur, and the areas 
of absorption through the head and that portion of the ileum immediately above 
the head should also be noted Arthrotomy was performed on the right hip on 
June 30, 1927 as the capsule was opened, a large amount of thin, straw colored 
fluid exuded Culture from this fluid showed a moderate growth of 5" vmdans 



Fig 5 (case 13) — Hypertrophic arthritis of the right knee The exostoses on 
the internal condyles of the femur and tibia, with one small loose body opposite, 
should be noted Angulation and irregularity are seen about the external condyle 
of the tibia 

Case 13 — Histoiy — Mrs L P, aged 58, colored, was seen in the dispensary 
on Jan 5, 1927, with the complaint of pam, tenderness and swelling of the right 
knee and fourth toe of the left foot A diagnosis was made of infectious 
arthritis of the right knee and left foot The onset had been gradual, over a 
period of a year, with pam, swelling and stiffness m the right knee and the 
fourth left toe These symptoms had become more acute during the last month 
The patient’s health had been fair She was always subject to headaches A 
turbmal was removed fifteen rears before Tonsillectomy was performed thirty 
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years before She probably had acute rheumatic fever years previously She 
had colds frequently Some indigestion was noted, but bowel movements were 
regular 

Examination — The patient was obese and healthy looking, about 30 pounds 
(13 6 Kg) overweight Enlargement of the lymph nodes was not noted The 
tonsils had been cleanly removed The teeth were in fair condition The heart 
was slightly enlarged to the left The lungs were normal The abdomen was 
normal The right knee showed tenderness over the condyles and tuberosities 
with pam on flexing the joint Tenderness was felt through the first phalangeal 
joint of the fourth left toe The pelvis was normal 

Laboratory examinations revealed the following results The Wassermann 
reaction was negative The urine yielded a slight trace of albumin and sugar 
An x-ray picture (fig 5) of the right knee showed hypertrophic arthritis The 
exostoses on the internal condyles of the femur and tibia, with one small loose 
body opposite, should be noted Angulation and irregularity were seen about 
the external condyle of the tibia Aspiration of the right knee on March 1, 1927, 
yielded a small amount of normal looking joint fluid Culture showed a growth 
of S vti idans 

CASr 14 — Ihstoiy — Mrs M T, aged 55, was seen in the dispensary on 
April 20, 1927, with the complaint of pains in the bones and joints of the 
extremities A diagnosis was made of chronic infectious arthritis Twelve 
years before she had painful, frequent and bloody urine, at that time she first 
noticed pains in the back and joints This condition had recurred frequently 
since the onset, being worse first m one joint and then in the other At present 
it was worse in the feet and left arm 

The patient’s health had been good She had typhoid fever thirty years pre- 
viously Earache occurred frequently when she was a child She had sore throat 
and cold frequently 

Examination — The patient wms large, robust and healthy appearing Enlarge- 
ment of the lymph nodes was not noted The tonsils were small, adherent and 
not inflamed The teeth w'ere in good condition The sinuses w'ere clear The 
heart and lungs w'ere normal The abdomen w r as normal No focus of infection 
was found in the pelvis The left foot and both knees show'ed swelling, tender- 
ness and crepitation, there was an increase m fluid in the knees 

Laboratory examinations revealed the following results An x-ray picture of 
the right knee show'ed slight infections arthritis Aspiration of the left 
knee on May 5, 1927, yielded 4 cc of thick, stringv fluid Culture show'ed a 
light grow'th of 6" vmdan<; The cell count was SO The differential count w r as 
neutrophils, 15 8 per cent, basophils, 2 per cent, monocjtes, 56 per cent, macro- 
phages, 4 per cent, and lymphocytes, 22 2 per cent 

Casc 15 — Histoiy — Miss C B, aged 24, was admitted on March 24, 1927, 
with the complaint of swelling of the joints, especially the right knee A diag- 
nosis was made of chronic infectious arthntis The onset occurred in 1918, 
following an attack of mflueiwa, with pam in the right ankle, right hip and right 
knee For the last eight years, she had intermittent swelling of the light knee 
accompanied by pain through hci joints There was only a slight amount of 
pam and stiffness in the knee Four years before admission to the hospital, 
a synovectomy of the right knee was done, this relieved the condition for about 
one year, but since that time the swelling had been present 

The patient s health had been excellent The tonsils and adenoids were 
removed seven years before One tooth w r as exli acted eight yeais previously 
She had gingivitis in 1920 
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Examination — The patient was well developed and well nourished Moderate 
enlargement of the lymph nodes was noted The tonsils had been removed The 
teeth were in good condition The heart and lungs were normal The abdomen 
was normal The pelvis was normal The right knee was swollen, with some 
limitation of motion and tenderness 

Laboratory examination of the blood revealed red cells, 4,460,00, hemo- 
globin content, 82 per cent (Sahli) , white cells, 8,400, polymorphonuclears, 74 
per cent, and lymphocytes, 26 per cent The Wassermann reaction was negative 
The urine was normal An x-ray picture of the right knee showed periarticular 
swelling, with fluid in the joint The right inguinal gland was excised on 
March 24, 1927 The culture showed a moderate growth of 5 vindans A cul- 
ture of the right knee joint was obtained at arthrotomy on March 24, 1927 On 
incision of the capsule, a moderate amount of thick, straw colored fluid was 
obtained The culture from this was negative 

The patient was discharged on April 6, 1927 

Case 16 — Histoiy — Mrs C B, aged S4, was admitted on March 12, 1927, 
with the complaint of swollen and painful joints A diagnosis was made of 
chronic infectious arthritis Six years before, the right knee became swollen, 
contracted and tender Later, the elbows, wrists and ankles became involved 
Two years previously, the process extended to the shoulders and neck Six 
months before admission to the hospital, following a series of boils on her right 
arm, there was some relief from the symptoms in the joints 

The patient’s health had been excellent She had septicemia at the age of 
IS Several teeth had been extracted Iritis, m 1919, cleared up following ton- 
sillectomy performed at that time Constipation was present She had cystitis 
three years before Hysterectomy was performed sixteen years previously 

Examination ■ — The patient was well developed and well nourished Moder- 
ate enlargement of the lymph nodes was noted The tonsils had been cleanly 
removed There was an infection of both antrums Examination of the teeth 
revealed one slight periapical rarefaction The heart and lungs were normal 
The abdomen was normal Infection was not found m the pelvis The right 
hand, right elbow, right knee and shoulders particularly were involved with 
swelling, tenderness, limitation of motion and crepitus, the left hand, left elbow, 
left knee and ankles also were involved 

Laboratory examination of the blood revealed red cells, 5,200,000, hemo- 
globin content, 85 per cent (Sahli) , white cells, 9,800, polymorphonuclears, 74 
per cent, and lymphocytes, 26 per cent The Wassermann reaction was negative 
A trace of albumin was found in the urine An x-ray picture of the right knee 
showed marked infectious arthritis The right inguinal node was excised on 
March 14, 1927 The culture showed a light growth of 5 vindans Aspiration 
of the right knee on March 14, 1927, yielded about 100 cc of turbid, straw colored 
fluid Culture from this was negative A culture of the right maxillary sinus 
was positive for S' vindans 

Case 17 — Histoiy — Mrs L C, aged 34, was admitted on May 8, 1927, with 
the complaint of swelling and soreness of all joints A diagnosis was made of 
chronic infectious arthritis The onset had been rather gradual, the condition having 
started two years before with soreness of the right index finger and the thumb 
The hand became sore and ached almost constantly Six months later, the other 
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hand was similarly involved During the past year, there was an extension of the 
process to the feet, shoulders, back, hips and elbows, with increasing discomfort 
She had lost 20 pounds (9 Kg ) 

The patient’s health had been good A tonsillectomy was performed several 
years previously Many of the teeth were extracted She had two normal 
deliveries and no miscarriages She had leukorrhea 

Examination — The patient was poorly nourished, and was very much depressed 
Moderate enlargement of the lymph nodes was noted The tonsils had been 
cleanly removed The sinuses were clear clinically, but the x-ray pictured showed 
infection of the antrums Many teeth were missing, there was one periapical infec- 
tion The heart and lungs were normal The abdomen was normal Exami- 
nation of the pelvis revealed a lacerated cervix and chronic cervicitis The 
hands and knees were swollen and tender, and had a limitation of motion, the 
shoulders were tender, with a limitation of motion, the spine was tender, with 
restricted motion, the hands showed atrophic changes Laboratory examination 
of the blood revealed red cells, 5,450,000, hemoglobin content, 60 per cent 
(Sahli) , white cells, 8,100, and polymorphonuclears, 50 per cent The Wasser- 
mann reaction was negative An occasional faint trace of albumin was observed 
m the urine X-ray pictures of the hands and knees showed infectious arthritis 
The right inguinal node was excised on Feb 11, 1927 The culture showed a 
moderate growth of nonhemolytic streptococci Aspiration of the right knee 
on May 12, 1927, yielded a small amount of slightly turbid fluid Culture from 
this did not show any growth The cell count was 5,720 The differential count 
was neutrophils, 57 per cent, monocytes, 24 per cent, lymphocytes, 17 8 per 
cent, and macrophages, 1 2 per cent 

Case 18 — Hisloi y —A D , a man, aged 53, married, was admitted on March 
8, 1927, with the complaint of pain, swelling and deformity of the joints of the 
hands and knees A diagnosis was made of chronic infectious arthritis The 
onset followed an acute febrile illness in January, 1924, which was called the 
grip A few days after this illness pain was felt in the shoulders A cold taken 
at this time was followed by pain in the shoulders, neck and right elbow The 
hands became weaker Four months after the onset, the tonsils were removed, 
resulting in considerable improvement in the arthritis During the last year, the 
patient was unable to work because of pam and weakness in the shoulders, elbows 
and hands 

The patient’s health was excellent He had severe attacks of tonsillitis until 
the tonsillectomy was performed in 1924 The teeth had given little trouble He 
had colds frequently He had pleurisy twenty years before He had been troubled 
a great deal by indigestion There had been occasional palpitation of the heart 
He had not had any venereal disease Nocturia causing urination from two to 
three times a night had been present for the last year 

Examination — The patient was well developed and well nourished There 
was moderate enlargement of the lymph nodes, especially m the cervical region 
The tonsils had been removed, but the pharynx was injected The sinuses appeared 
clear by the x-ray picture The teeth were m fair condition The lungs were clear 
The heart was slightly enlarged to the left, without murmurs The abdomen 
was normal The prostate was not enlarged The hands and knees showed 
considerable tenderness, swelling and limitation of motion Laboratory exami- 
nations of the blood revealed red cells, 4,100,000, hemoglobin content, 80 per 
cent (Sahli) , white cells, 10,000, and polymorphonuclears, 72 per cent The 
Wasscrmann reaction was negative The urine was normal X-ray pictures of 
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the hands showed infectious arthritis A cervical node was removed on March 
24, 1927 The culture showed a moderate growth of S vindans Aspiration 
of the left knee on March 14, 1927, yielded fluid small in amount and of normal 
appearance The culture was negative The cell count was 600 The differential 
count was neutrophils, 34 per cent, monocytes, 18 per cent, lymphocytes, 44 
per cent, macrophages, 3 pei cent, and mast cells, 1 per cent 

The patient was discharged on April 9, 1927 

Case 10 — History — R V , a man, aged 62, married, was seen in the dispensary 
on Oct 28, 1926, with a complaint of pam and tenderness in the right knee, 
shoulders, wrists, neck and hands A diagnosis was made of chronic infectious 
arthritis The onset occurred two and one-half years previously, following a 
trauma of the right knee with the development of pam, swelling, and stiffness 
This joint involvement then spread to the shoulders, wrists, neck and hands 

The patient’s health was fair He probably had pulmonary tuberculosis as 
a child Twenty-five years before, he had rheumatism in the heels, which 
spread to the other joints, lasted three weeks and then completely subsided He 
had not had sore throat or colds The teeth were extracted in January, 1925 
He had a gonorrheal infection and primary sore twenty-five ydars previously 
He was formerly alcoholic 

Examination — The patient was poorly nourished Moderate lymph node 
enlargement was observed The tonsils were small and not infected The 
sinuses were clear Examination of the teeth revealed sepsis with periapical 
rarefactions, and pyorrhea The heart and lungs were normal The abdomen 
was normal The prostate was small, and a focus of infection was not observed 
The right knee showed swelling, tenderness, limitation of motion and an increase 
of fluid , the hands and ankles were swollen and somewhat tender Laboratory 
examinations disclosed the following results The Wassermann reaction was nega- 
tive An x-ray picture of the right knee showed infectious arthritis The right 
inguinal node was excised on Oct 28, 1926 Culture from this showed 
.S’ vmdans Aspiration was performed on the left knee on March 7, 1927, and 
5 cc of normal looking fluid was obtained The culture was negative The 
cell count was 500 The differential count was neutrophils, 82 8 per cent , mono- 
cytes, 8 6 per cent, and lymphocytes, 8 6 per cent 

The bacteriologic work reported in this article was done m the laboratory of 
Dr Harold L Amoss , and Dr J W Pierson and Dr F O Coe were consulted 
m the interpretation of the roentgenograms 
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The widespiead involvement of vanous organs and tissues of the 
body m that lemaikable disease, aciomegaly, has been commented on 
by many waters In a monogiaph detailing the autopsies m four cases, 
Cushing and Davidoff 1 emphasized the piotean manifestations pro- 
duced by the exaggerated secietion fiom the antenoi portion of the 
hypophysis They called attention not only to the extiaorchnaiy 
osseous deformities and “aciomegalic nijocedema” which hitheito have 
dominated the clinical pictuie but also to the pionounced visceiomegalies 
(cardiac, hepatic, lenal, splenic, etc ), and to the notewoithy secondaiv 
involvement of most of the othei ductless glands 

Several publications of late have dealt paiticulaily with the cai bo- 
hydrate metabolism m aciomegaly (foi instance, those of Cushing and 
Davidoff, 2 Colwell, 3 John 4 and Ellis D ) The incidence of diabetes 
mellitus m acromegaly has been vanously estimated fiom 9 pei cent 
(Arnold 0 ) to as high as 40 pei cent (Boichaidt 7 ) Cushing and 
Davidoff 2 reported glycosuna one out of foui tunes (25 pei cent) m 

’‘■From the Endocrine and Metabolic Clinics of the Univeisity of California 
Medical School 

1 Cushing, Harvey, and Davidoff, L M Studies m Acromegaly V 
The Pathological Findings m Four Autopsied Cases of Acromegaly with a Dis- 
cussion of their Significance, Monograph 22, Rockefeller Inst M Research, 
1927 

2 Cushing, Harvey, and Davidoff, L M Studies in Acromegaly VI 
The Disturbances of Carbohydrate Metabolism, Arch Int Med 39 751 (June) 
1927 

3 Colwell, A R The Relation of the Hypophysis to Diabetes Mellitus, 
Medicine 6*1, 1927 

4 John, H J Spontaneous Disappearance of Diabetes, JAMA 85 1629 
(Nov 21) 1925, The Possible Relationship between Acromegaly and Diabetes, 
Arch Int Med 37 489 (April) 1926 

5 Ellis, A W M Hyperglycemia and Glycosuna m Acromegaly with 
Pathological Report by Prof H M Turnbull, Lancet 1 1200, 1924 

6 Arnold, J Weitere Beitrage zur Akromegahefrage, Virchows Arch f 
path Anat 135-1, 1894 

7 Borchardt, L Die Hypophysenglykosurie und lhre Beziehung zum 
Diabetes bei der Akromegalie, Ztschr f klin Med 66 332, 1908 
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100 personally observed patients Whatever percentage may be agreed 
on, it is universally conceded that the association of true diabetes with 
acromegaly is strikingly frequent and “greater than, with any other 
known disorder ” 

At this point it may be desirable to contrast the specific and out- 
spoken pathologic condition characteristic of acromegaly, invariably 
found m the anterior lobe of the hypophysis, namely, a chromophilic 
adenoma, with the inconstant, meager, and relatively unconvincing 
changes in the Langerhans tissue of the pancreas, supposedly the seat of 
diabetes mellitus From the standpoint of microscopic changes, the 
origin of acromegaly is constant and settled, whereas the unitary 
pathogenesis of diabetes mellitus is seriously open to question 7a 

We may now address ourselves to the hypotheses advanced for the 
disturbances m carbohydrate metabolism so frequently accompanying 
acromegaly They have been conveniently divided under two captions 
(a) the neurogenic and ( b ) the endocrine 

THE NEUROGENIC HYPOTHESIS 

The first explanation was advocated many years ago and still has 
strong adherents Thus Colwell, 3 in a recent article, gave as his opinion 
that the hypophysis is probably without significance in the field of carbo- 
hydrate metabolism as a gland of internal secretion He favored the 
point of view that important nerve centers or pathways situated near 
the hypophysis m the hypothalmus are concerned with the control of 
secretion of insulin In this connection Cushing and Davidoff 2 pointed 
out 

Of the two forms of diabetes, diabetes insipidus, though the rarer, is far 
more entitled to be considered as a hypophyseal or parahypophyseal symptom 
than is diabetes mellitus But when one considers that diabetes insipidus 
is practically unknown as a complication of pituitary adenomas, whether acrome- 
galic or hypopituitary, no matter how large they grow to be or how much 
they may chance to deform the infundibulum and third ventricle, we may well 
pause before ascribing diabetes mellitus to the pressure of a pituitary adenoma 
against some still more hypothetical nerve center in the neighborhood And of 
this we may speak the more emphatically since the far more numerous chromo- 
phobe adenomas of comparable size are rarely accompanied by glycosuria 

In short, the size of tumor and the pressure against the brain as a cause of 
the diabetes can be entirely discounted The essence of the matter lies in the 
fact that only one particular variety of adenoma, irrespective of its size, is prone 
to cause the disturbance of sugar metabolism which may go on to the production 
of diabetes mellitus This particular kind of adenoma is that composed of 
chromophilic cells which accompanies acromegaly 


7a “The accepted theory of diabetes as a disorder of the islands of Langer- 
hans has found meager substantiation from the anatomic standpoint” (Yater, 
W M Acromegaly and Diabetes , Report of Six Cases, Arch Int Med 41 883 
[June] 1928) 
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This brief statement suffices for the purposes of this paper The 
reader may puisue this discussion further m the articles already 
ref ei led to 

THE ENDOCRINE HYPOTHYSIS 

It seems unnecessary to implicate the thyroid and the suprarenal 
medulla m responsibility foi acromegalic diabetes mellitus That both 
these glands might influence caibohydiale metabolism is recognized, but 
it appeals far fetched and devious to enmesh them m an explanation of 
hypophyseal diabetes 

The prevalence of hypeiglycemia and glycosuna m acromegaly has 
been referred to, and it is also well known that the leverse states of 
high sugar toleiance and even hypoglycemia occur commonly m hypo- 
pituitansm The lattei phenomena not only have leceived clinical lecog- 
nition, but have been confiimed by expemnental hypophysectomies 

The endocrine relationship of aciomegaly and diabetes mellitus may 
be considered fiom three points of view (1) That acromegaly and 
diabetes are two sepaiate and distinct clinical conditions, that their 
occurrence m the same patient is purely coincidental, and that the dis- 
turbance in caibohydrate metabolism is pnmai fly and solely due to a 
lesion or functional impaument of the internally secreting portion of 
the panel eas, (2) that the«hypophysis is piimanly and solely lesponsible 
for the hyperglycemia, without pai ticipation by the pancreas, (3) that 
the hypophysis plays the leading role, but pioduces alterations m dextrose 
metabolism by the antagonistic effect of its hoimones on secietion of 
insulin or insulin activity 

The first assumption may be summarily dismissed It would be a 
preposteious sham on statistics and the laws of chance to claim an 
independent and coincident diabetes m fiom 25 to 40 pei cent of 
acromegalic pei sons 

The second assumption, which, pei conti a, would make the hypoph- 
ysis the sole agent foi the hypeiglycemia of aciomegaly, is an inter- 
esting possibility, but lemains unpioved No one as yet has succeeded 
m producing permanent diabetes mellitus by the experimental injections 
(over long penods) of pituitaiy extracts 

Potent prepaiations from the postenor (and intei mediate) lobe have 
been available for many years and have been impressively effective m 
reducing the thnst and polyuna in diabetes insipidus, in hastening 
laboi by contracting the uteius, and in othei clinical states m which a 
powerful smooth muscle stimulant was indicated But injections of 
posterior lobe extract into the experimental animal have failed to pro- 
duce more than a transient glycosuna and hyperglycemia Neveitheless, 
this hoimone has its place m the clinical tieatment of persons with 
diabetes because of its antagonistic action to insulin , and this discovery 
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b} Burn 8 has been beneficially utilized m counteracting the hypo- 
glycemic reaction consequent to overdosage with insulin A hormone 
which possesses this important characteristic can hardly be considered 
negligible m the field of carbohydiate metabolism 8a 

Acromegal), however, is predominantly and, perhaps, exclusively 
a disease of the anterior lobe It arises from a postadolescent hyper- 
activity of the acidophilic cells It would seem logical, therefoie, to 
ascribe the accompanying hypei glycemia and glycosuria to this excessive 
secietion from the antenor lobe Unfortunately for the purposes of this 
aigument, experimental evidence recording the effects on blood sugar 
of repeated injections of an active anterior lobe extract has not been 
published That a potent extract exists has been demolish ated by 
Evans 9 m his pioduction of gigantic lats, but whethei these animals 
with hyperpituitai ism showed hyperglycemia and glycosuria was not 
disclosed Such a leport would be trenchantly significant, since 
gigantism is a preadolescent expiession of hyperactivity of the anterior 
lobe m many respects comparable to the postadolescent manifestations 
that result m aci omegaly 

In this connection, Cushing and Davidoff have pertinently called 
attention to the not infrequent glycosuna m piegnancy “dui mg which, 
as fii st demonstrated by Erdheim and Stumme 10 the hypoph) sial pars 
anterioi enlai ges and takes on additional activity ” Another clinical 
observation of intei est is 'the lecogmzed peak of diabetes in childhood 
at about 14 yeais” which led them to question “whethei this is in any 
way related to a peuod of unusual activity of the anterior hypophysis” 

8 Burn, J H The Modification of the Action of Insulin by Pituitarj 
Extract and other Substances, J Physiol 57 318, 1923 

8a Since this paper was written two articles have appeared which deal with 
this subject Ulrich, H The Antagonism Between Insulin and Pituitary 
Extract , Its Demonstration in a Patient with Acromegaly, Arch Int Med 41 875 
(June) 1928 Yater W M Acromegaly and Diabetes, Report of Six Cases, 
Arch Int Med 41 883 (June) 1928 Ulrich stated that loss of carbohydrate 
tolerance in hvperpituitary disease was due to an antagonistic inhibitory action, 
exercised by excessive pituitary secretion, probably of the posterior lobe, on normal 
insulin function He reported a case of hjperpituitary disease with acromegaly 
and glycosuria in which this antagonistic action was demonstrated, and in which 
the effectiveness of insulin was much impaired Ulrich expressed the opinion that 
this antagonism inaj vary in different patients and that insulin may therefore show 
varying degrees of efficiency in the treatment for hyperpituitary loss of carbo- 
hjdrate tolerance Yater found that the diabetes in six persons with acromegaly 
was in all essential respects similar to the ordinary form and responded similarly 
to diet and insulin therapy 

9 Evans, H M The Function of the Anterior Hypophysis, Harvey Lec- 
ture Series, Philadelphia, 1923-1924 

10 Erdheim, J , and Stumme, E Ueber die Schwangerschaftsveranderung 
der Hypophvse, Beitr z path Anat u z allg Pathol 46 1, 1909 
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Considered singly these bits of evidence are inconclusive and circum- 
stantial at best but marshaled together they become intriguing and 
persuasive After all diabetes melhtus is only a clinical syndrome, not 
a specific disease, and there is justification for the suspicion that a 
lesion or e\en a functional weakness of the pancreatic islets is not an 
imariable or indispensable factor 

It must be admitted that in the present state of knowledge the third 
assumption seems the most consenatne and the one that best fits the 
tacts Restated this hypothesis implies that the hyperglycemia and 
ghcosuria ot acromegaly are ‘primarily hypophyseal, e\en though the 
pancreatic islets doubtless play a secondary idle in their production 

Putting aside the theoretical aspects of this question, which though 
fascinating are plainly debatable we may inquire into the effects on 
carbohydrate metabolism aclueied by a direct attack on the acromegalic 
process itself Some significant data exist on this point namely, the 
effect of hypophyseal operations on sugar tolerance in persons with 
acromegaly 

In 1924 Ellis 3 recorded the interesting case of a woman, aged 42 
who was known to ha\e had acromegaly for ten years She had shown 
diabetic symptoms for about eight months with a blood sugar le\el of 
043 per cent and with 10 per cent glycosuria and large quantities of 
acetone bodies She became sugar free after three days of fasting, and 
a limited diet for the following three weeks maintained this condition 
The pituitary growth was then partially remo\ ed by a tiansfrontal opera- 
tion A trace of glycosuria was found postoperatn ely , but for the fol- 
lowing three years despite an “increasing laxity of diet ’ she remained 
free from sugar m the urine although a hyperglycemia persisted How 
much of this impro\ement following operation is real and how much is 
only apparent but actually due to ele\ation in icnal thieshold. cannot be 
answered Cushing and Da\idoff 2 reported the case of a woman, 
aged 22 who was first obsened in December 1925 complaining of 
headaches She showed osseous eMdence of acromegaly but there was 
no disturbance of \ision and the sella was small At this time glvcosuria 
was not present, but the blood sugar was 013 per cent When the 
woman was seen again on Aug 27 1926. there was no glycosuria, but 
on Sept 2 1926 she was found to ha\e a glycosuria amounting to 
0 7 per cent The blood sugar on September 10 was 014 per cent 
Transsphenoidal decompression was performed, September 20 and the 
tissue retno\ed showed an acidophilic adenoma She made an excellent 
recovery* with immediate cessation of hex headaches and earlv subsidence 
of her “pituitary myxedema” Her blood at the termination of the 
operation on September 20 show ed a sugai content of 0 24 per cent 
three days later, on September 24 it was 0 12 per cent on September 2S 
0 11 per cent and on Octobei 1 0 09 per cent In commenting on these 
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data the authois stated that this can hardl) be consideied a cure ot a 
person with acromegalic diabetes, since the operation may merely have 
coincided with a wave of mehturia, but that the postoperative fall m 
blood sugar was a significant phenomenon They furthei report that 
in six patients, whose sugar tolerance was studied both before and 
after hypophysectomy, a definite postoperative lowering m the blood 
sugar levels it as demonstrable These observations are all the more 
significant since unusual pams were taken in the determination of the 
dextrose tolerance, the intravenous method being employed in preference 
to the ordinary oral procedure, thus insuring greater accuracy Cushing 
and Davidoff made the following deductions from these observations 

(1) That the function of metabolizing carbohydrates is frequently impaired 
in acromegalj, amounting in many cases to actual clinical diabetes mellitus, and 
(2) that measures taken to reduce the hyperactivity of the pituitary anterior lobe 
seemed to have a beneficial effect on the patient’s ability to handle sugars 
Whether these findings indicate that the hypophysis may directly influence the 
capacity of the body to utilize carbohydrates, or whether the effect occurs only 
through some secondary disturbance of the glycolytic function of the pancreatic 
islets, there is as yet no positive way of determining We are inclined to favor 
the latter view, but in either case the hypophysis so far as we can see plays the 
leading role 

As loentgen rays aie known to depress cellular activity, and since 
this striking effect has been successfully utilized m diminishing the 
hyperthj roidism of exophthalmic goiter (not only clinically, but also m 
reducing the basal metabolic rate) , since it has come into use as an 
adjmant in controlling the size of pituitary tumors (Beclere , 11 
Towne 12 ), and since in one case at least its use amounted to a cure m 
a person with diabetes insipidus, it occurred to us that this therapeutic 
procedure might have some influence m diminishing hyperglycemia in a 
patient with acromegaly in whom normal vision and normal visual fields 
precluded the necessity for operative intervention It is the encouraging 
outcome of this maneuver that forms the leason for this paper The 
case in question is as follows 

REPORT Or CASE 

M M , a Spanish woman, aged 51, married, first came to the outpatient depart- 
ment, Feb 23, 1926, complaining of headaches, rheumatism, dizzy spells, nocturia, 
insomnia, djspnea on exertion and constipation 

She was married at 17 and had three healthy daughters Her health had 
been good except for an appendectomy performed when she was 45 years old 
for an uncomplicated attack of acute appendicitis 


11 Beclere A Technique, resultats, indications et contre-indications de la 
roentgentherapie des tumeurs lnpophvsaires, Rev neurol 38 808, 1922 

12 Towne, E B Cessation of Diabetes Insipidus on Roentgen-Ray Treat- 
ment of Pitmtarj Gland, J A M A 83 2085 (Dec 27) 1924, Roentgen-Ra> 
Treatment of Pituitarj Tumors, Arch Neurol &. Psjchiat 15 92 (Jan) 1926 
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Catamenia began when she was 16, the flow was rather profuse, and lasted 
five or six days Menopause followed the removal of fibroids, at the age of 45 
The present illness can be divided into two parts Polydipsia, polyuria and 
polyphagia had been present for approximately twenty years These symptoms 
had gradually increased in seventy Her height was 5 feet (153 cm ) , she had 
gradually become heavier after the age of 20, and her weight had increased from 
194 to 204 pounds (SS to 92 5 Kg ) in the past year For at least twelve years 
prior to that she had weighed between 190 and 195 pounds (86 2 and 88 5 Kg ) 

At about 40 years of age there was a noticeable change in her appearance, and 
since then there had been a gradually progressive enlargement of the nose, lips, 
tongue, jaw, malar bones, superciliary ridges, calvarium, hands, feet, ribs and 
sternum Accompanying this there had been a gradual loss of strength Her 
shoes, gloves and hats now had to be considerably larger than formerly (figs 1 
and 2) About eight years before admission, she began to have headaches which 
varied in intensity but which were constant in some degree through the day 
She was quite nervous m crowds and occasionally somewhat irritable at home 
There had been some forgetfulness during the previous \ear She had had fre- 



Fig 1 — Appearance of patient at the age of 32 jears, before development of 
acromegaly 

quent drenching sweats above the waist during the past two years and perspired 
profusely when excited or working Her hands and feet felt cold, and she had 
a cold sensation in the back of her neck For the past ten years she had had 
pains in her ankles, knees, shoulders, sternocla\ lcular joints, costocondral region 
and finger joints These joints had been swollen and red, and had shown hard, 
white nodules at times 

The woman was short, dark and obese, with typical acromegalic facies (fig 
2) The skin was thick and rather dry The hair was coaise and oily, and 
displayed masculine distribution with a fcw r coaise hairs on the cbm and about 
each nipple, masculine pubic escutcheon, and much hail on the thighs, upper legs 
and forearms The head was large, with heavy supra-orbital ridges and rygo- 
matic protuberances The nose was large and bulbous The face was broad, 
with mandibular prognathism There was spacing of the upper incisors The 
tongue was enlarged and thick and showed tiansverse furrows The thyroid 
gland was of normal sire, shape and consistency The chest was ban el-shaped, 
and the manubrium sternum was prominent The lungs were nonnal The 
heart was slightly enlaiged, and there was a blowing systolic mmmur at the 
apex Enlargement of the arch was not present The peripheral vessels were 
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not palpablv thickened The systolic blood pressure was 125, diastolic, SO The 
breasts were large, obese and pendulous Great folds of skin and fat were 
present below the costal margin on each side, there was a heavy panmculus adi- 
posus over the abdomen, and the hips and thighs were huge The legs were less 
obese (fig 2) The feet and hands were broad, thick and spadehke (fig 3) 
The Wassermann test of the blood was negative The specimen of urine was 
clear, vv ith a specific gravity of 1 009, and did not reveal any abnormalities m 
routine examination The average daily fluid intake and output for three days 
on an unrestricted diet was 2,750 cc The phtlialein output was 50 per cent for 



Tig 2 — Front view' and profile of acromegalic patient, aged 51 years, prior to 
dietetic therapj The enlargement of the end of the nose, deep nasolabial folds, 
massive jaw, sternal protuberances, mild cervicodorsal kyphosis, broad feet, 
enormous girdle obcsitj and heterosexual pubic escutcheon should be noted 

two hours The blood count and routine examination of the stools gave negative 
results The basal metabolic rate was 12 7 per cent plus 

Roentgenograms of the skull showed the sella turcica to be oval and well 
roofed over bv the anterior and posterior clinoid processes which closely approxi- 
mated each other The skull showed thickening of the calvarium, proliferation 
of the cranial air sinuses, and prognathism, characteristic of acromegalv 
Tests ot the vestibular apparatus did not reveal anv abnormalities 
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Repeated examinations of the eyes on March 8, 1926, March 17, 1927, and 
July 14, 1927, did not show constriction of the visual fields and signs of increased 
intracranial pressure The fundi showed the typical yellow disks of acromegaly, 
and the nasal half of each disk was somewhat hypercmic 

On May 25, 1926, the dextrose tolerance test (oral method, 100 Gm of dex- 
trose being used) showed a fasting level of 0119 per cent, a half hour after the 
administration of dextrose, 0214 per cent, one. hour after the administration of 
dextrose, 0 300 per cent, and two hours after the administration of dextrose, 0234 
per cent Sugar did not appear in the urine at any time during the two hour 
test, indicating a high kidney threshold It was determined at first to treat the 
patient as if she had an ordinary case of diabetes melhtus 

Under a quantitative dietary regimen, which kept the blood sugar within the 
normal 7one and which reduced her weight from 93 Kg (204 6 pounds) to 65 5 



Fig 3 — Appearance of patient’s acromegalic spade hand as compared with 
the hand of a normal control 

Kg (1441 pound) in nine months, there was general physic.il implement 
(fig 4) Polydipsia, polyuria and polyphagia disappeaicd within three days after 
treatment was started Headaches became mild and infrequent She became 
happier and more active and energetic A second dextrose tolciance test done at 
the end of this period (Feb 9, 1927) did not show definite improvement in the 
glyccmia curve (fasting — 0120 per cent, half hour after dextrose, 0285 per 
cent, one hour after dextrose, 0 275 per cent and two hours after dextrose 0227 
per cent) but demonstrated definite improvement in the lcnal threshold, quali- 
tative tests on tlie one hour and two hour specimens of urine showing traces of 
dextrose 

This lowering of renal threshold to a point near the normal level is frequently 
seen in the treatment of patients with ordinary forms of diabetes melhtus The 
occurrence of such a reduction in this case would indicate that the pituitary 
gland does not have any influence on renal threshold, and therefore these patients 
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will show glycosuria when their blood sugar goes above their renal threshold, 
proMded the urine is not too dilute to give a positive test with the ordinary 
reagents 

In mcw of the lack of improvement m dextrose tolerance, despite adequate 
dictarj control of the diabetes, further treatment was directed toward the acro- 
megalic condition per se, by instituting two courses of roentgen-ray treatments 
to the hjpoplnsis 

One month after the first course of roentgen-ray therapy, another dextrose 
tolerance test was made and some improvement could be seen This third test 
showed fasting — 0118 per cent, a half hour after dextrose, 0194 per cent, 
one hour after dextrose, 0 258 per cent, tw r o hours after dextrose, 0215 per cent 
The maximum height of glycemia was 0 258 per cent as compared with 0285 
per cent, which was the lowest maximum of the two previous tests , and the turn 
hour level u r as down to 0 215 per cent as compared with 0 227 per cent and 0 234 
per cent in the tests prior to roentgen-ray treatment The renal threshold showed 
further reduction, in that dextrose was present as a moderate trace in the half 
hour specimen, and in heavy traces in the one hour and two hour specimens 

The fourth dextrose tolerance test made on Sept 15, 1927, four months after 
the first course of roentgen-ray therapy, showed a height of only 0236 per cent, 
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and the two hour level w r as within the normal zone, being 0105 per cent (fasting, 
0 124 per cent, a half hour after dextrose, 0206 per cent, one hour after dextrose, 
0 236 per cent, and two hours after dextrose, 0 105 per cent) There was no gross 
evidence of further improvement in renal threshold 

During the entire period of roentgen-ray therapy and in the four month’s 
interval between the tw T o courses of treatment, the diet remained the same as m 
the preuous nine months of dietary treatment alone (protein, 70, fat, 120, carbo- 
hjdrate, 60, calories, 1,600) The weight fluctuated between 144 and 149 pounds 
(65 3 and 676 Kg) 

A second course of four roentgen-ray treatments to the hypophysis was then 
instituted, and the fifth dextrose tolerance test, one month later, Nov 29, 1927, 
ga\e the following \alues Fasting — 0126 per cent, half hour, — 0216 per 
cent, one hour, 0 183 per cent and tw r o hours, 0 147 per cent A comparison of 
these five cunes has been charted in figure 5, and presents evidence of progres- 
sne impro\ esnent since roentgen-ray therapy was instituted 

In September, 1927, the patient w'as photographed again, and figure 4 shows 
the same osseous acromegalic characteristics, as was to be expected, but reveals 
the great loss of weight achieved by the dietary treatment 

In October, 1927, following the second course of roentgen-ray therapj, the 
patient ■volunteered the information that her headaches u'ere still further reduced 
in frequenev and severity A roentgenogram (fig 6) of the skull taken at this 
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time showed some enlargement of the sella with thin floor, large sinuses and 
maiked thickening in the frontal region A roentgenogram of the hands (fig 7) 
showed short, heavy metacarpals, except the second, which was about normal 
The phalanges were short and the terminal segments were characteristically 
tufted 

The eye fields were still normal as late as Nov 22, 1927 It might be stated 
that the perimetric studies were performed carefully by Dr Crawford, various 
sized test objects, and both artificial illumination and sunlight being used 

Apparently the roentgen-ray therapy did not have any effect m reducing the 
basal metabolic rate, which was 13 2 per cent plus on Nov 8, 1927 1=1 



Fig 4 Front and profile views of patient following nine months of diabetic 
dietarv regimen, resulting m a loss of 60 pounds (27 2 Kg ) Compare u ith 
figure 2 


12a A third basal metabolic rate was taken in June, 1928 It proved to be 
3 5 per cent plus A third course of roentgen-ray treatments to the bjpophysis 
had been given in April, 1928 A sixth dextrose tolerance test was made June 19, 
1928 fasting, 0110 per cent, a half hour after dextose, 0205 per cent, one hour 
after dextrose, 0 222 per cent and two houis after dextrose, 0155 per cent The 
third course of inhibitory loentgen-ray therapy seemingly i educed the basal 
metabolic rate, but failed to effect any further increase in dextrose tolerance 
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COMMENTS AND CONCLLSIONS 

The experience detailed seems to warrant the following deductions 
1 As noted by others, hyperglycemia without glycosuria may occur in 
acromegaly as m ordinary diabetes mellitus 2 The sugar tolerance in 
acromegal) may be unaffected by adequate dietary management 
3 Roentgen-ray therapy to the hypophysis m acromegaly may favorably 
influence dextrose tolerance 

W e anticipate the following criticisms 

1 The diabetes of acromegaly differs from ordinary diabetes mellitus 
b> reason of its “fluctuating character” , and whereas a complete cure of 
persons with true diabetes has never been accomplished (stoppage of 
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Fig 5 — Composite chart depicting the five dextrose tolerance curves of the 
acromegalic patient, together with a normal curve for comparison (The latter 
is marked A r ) The sequence of the curves is indicated by the numerals on the 
right side The initial point of each curve represents the fasting level, the 
second point is the le\el one-half hour, the third point one hour, and the end 
point two hours, rcspectiveh, after dextrose was given For further details 
sec test m text The striking feature of this chart is the progressive lowering 
of the blood sugar le\els consequent to roentgen-ray radiation of the hypophysis 


insulin and unrestricted diet without hyperglycemia), spontaneous cure 
of acromegalic diabetes has occasionally been observed 12b The beneficial 
effect of the roentgen-ray therapy m our patient may be contested for 

12b \ ater (cited before) concluded that “the only difference between diabetes 
alone and diabetes associated with acromegal} is its occasional spontaneous 
temporar} or permanent disappearance, a point w’hich has been demonstrated m 
relatneh few cases ’ 


ALLEN-LISSER — THE ROENTGEN RAY IN ACROMEGALY 715 


this reason, and it may be aigued that the lowenng of the blood sngai 
cuive merely coincided with a spontaneous remission of her aciomegaly 
In this connection, we desire to call attention to the following points 
(a) During nine months of dietaiy theiapy, the blood sugar lemained 
constantly between 0 10 and 0 12 pei cent, but dextiose toleiance was 
uninfluenced until roentgen-iay therapy was instituted, (b) during the 
subsequent nine months’ penod of unchanged diet plus loentgen-iay 
therapy, a progressive improvement of dextiose toleiance was noted, 



Fig 6— Lateral roentgenogram of the skull of patient shown in figures 2 
and 4 The enlargement of the sella with thin floor, laige sinuses, thickening of 
the calvarium, especially in the frontal region, and prognathism should be noted 


as is depicted m figuie 5, and ( c ) theie was no othei clinical evidence 
of diminished activity of the anteuoi lobe, and the basal metabolic late 
was still slightly above noimal This mild elevation of the basal metabo- 
lism in acromegalic patients has been recently emphasized by Cushing 
and Davido ff, 13 as has also the leveise slate of an abnoimally low 

13 Cusing, H , and Davidoff, L M Studies m Acromegaly IV The Basal 
Metabolism, Arch Int Med 39 673 (May) 1927 
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basal metabolic rate m verified cases of hypopituitarism If a lowering 
of the basal rate by either hypophysectomy or inhibitory roentgen-ray 
therapy is a gage of activity of the anterior lobe in acromegaly, then oui 
case would seem to have been uninfluenced, but at least this would 
seem to answer the objection that the sugar tolerance was raised by a 
spontaneous reduction of the acromegahsm 



Fig 7 — Roentgenographic appearance of the patient’s hand The short, 
heavy metacarpals, short phalanges and characteristic terminal tufting should 
be noted 

2 The second criticism might be that it is false reasoning to ascribe 
the improvement in dextrose tolerance to the irradiation of the hypoph- 
ysis, since such improvement may gradually occur during a long 
dietary regimen, and that our patient was continually on a restricted diet 
To this we would rejoin that this improvement did not appear during 
nine months of dietary management, which is unusual m ordinary 
diabetes melhtus , and that this improvement promptly followed the 
roentgenization of the hypophysis 
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3 The third objection that might be raised concerns the use of the 
alimentary method for the determination of dextrose tolerance, as a 
criterion of improvement Although we admit that the intravenous 
administration of dextrose is a more accurate procedure for research 
purposes, we are inclined to believe that the variability m the degree 
of absorption of sugars given by the oral method is of minor character, 
and would not account for the progressive decline in blood sugar levels 
noted in the case reported Furthermore, it must be conceded that the 
oral method is the customary one emplojed by most authorities on 
diabetes 

This has been our first experience and, so far as we are aware, the 
first to be published, of the effect of roentgen-ray therapy of the 
hypophysis on dextrose tolerance The results have been sufficiently 
encouraging to warrant its further use in this patient, in the hope of 
finally attaining a normal or subnormal blood sugar curve When this 
has been accomplished, it will be interesting to watch developments 
when the patient is released from a low dextrose intake If the curve 
remains normal under such conditions, w r e may feel j'ustified m assum- 
ing that the patient’s abnormal response to dextrose was directly, or 
at least primarily, due to the exaggerated secretion from the pituitary 
pars anterior 



SYPHILIS OF THE STOMACH 

WITH SPECIAL REFERENCE TO CERTAIN DIAGNOSTIC CRITERIA* 
HARRY A SINGER, MD 

AND 

FREDERICK G DYAS, MD 

CHICAGO 

Some time ago (1925), one of us (F D ) lesected the distal one 
third of a stomach which was thought to be the seat of a carcinoma 
From the gross and microscopic appearances of the specimen, together 
with the clinical history, we considered the changes to be syphilitic 
In the sections examined, we failed, however, to demonstrate the pres- 
ence of either Spu ochaeta pallida or the classic gumma (the term 
“classic gumma” will be defined later) Two experienced pathologists 
who were consulted at the time did not consider sufficient evidence 
of syphilis to be present to justify an anatomic diagnosis of syphilitic 
gastritis We entei tamed no doubt as to the correctness of their opinion 
and discarded our original conclusions without hesitation 

More recently one of us (H A S ) has had the opportunity of 
studying three similar specimens Two were lesected by Dr K A 
Meyer at the Cook County Hospital and the thud by Dr C A Hedblom 
at the Research and Educational Hospitals of the University of Illinois 
In all three cases, the clinical and laboratory data and the associated 
lesions (hepatic gummas), found at postmortem observation of one, 
pointed to syphilis as the etiologic factor of the gastric lesions 
Attempts to discover Spu ochaeta pallida or classic lesions m the tissues 
sectioned were uniformly unsuccessful The same pathologists were 
again consulted, with the same outcome, namely, that m their opinion 
there was insufficient evidence on which to base the diagnosis of syphilis 
of the stomach 

We desired to know how many of the cases reported and generally 
accepted as syphilitic gastritis were actually proved according to the 
catena prescribed by the two pathologists mentioned In order to 
gratify this desire, it became necessaiy for us to undertake an inde- 
pendent inquiry, the lesults of which are recorded We considered as 
proof of the existence of syphilis of the stomach the demonstration of 
either the spirochete of syphilis or the classic gumma 

The entire literature on acquired syphilis of the stomach contains 
only one case m which the bacteriologic obser\ ations in the tissues led to 

*From the Departments of Medicine and Surgery of the University of 
Illinois College of Medicine and the Cook Count} Hospital 
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its acceptance as a pioved instance of syphilitic gastiitis In 1922, 
McNee 1 repoitecl the presence of unusual lesions which he regal ded 
as syphilitic, in a stomach lemoved at postmoitem Fiom the involved 
area, eight blocks of tissue weie excised and stained accoiding to the 
Levaditi method McNee’s descnption leads 

In sections from one block only, spirochaetes were discovered in great numbers 
penetrating deeply in the actively growing granulomatous tissue Near the free 
surface the spirochaetes in the necrotic layer were mixed with other organisms, 
but in the deeper granulation tissue close to the muscular coat they were 
unaccompanied by any other demonstrable organism They had the typical 
appearances of Ticponcma pallidum, having from eight to fourteen small and 
regular curves 

McNee’s case is geneially quoted as the only one of acquit cd syphilis 
of the stomach m which Spu ochacia pallida has been demonstiated So 
far as we have been able to asceitain, no one has challenged McNee’s 
opinion as to the type species of Spu ilium in lus sections It seemed 
rathei odd to us that of all the attempts to dcmonstiate Spu or had a 
pallida m cases of acquired syphilitic gastnlis, McNee’s alone should be 
crowned with success This circumstance in itself, howevei, did not 
raise any question in out minds as to the concctness of his obsei valion 
What led us to doubt the diagnosis as to the type of S pi) ilium piesent 
was the fact that the oiganisms weie so plentiful Any woikcr who 
has at one time 01 anothei engaged in the seaich foi spnochetes in 
acquned tertiaiy lesions of syphilis is well awaie of the paucity of 
oiganisms and the patient seaich which is lequued to find even two 01 
three In one microscopic field of McNee’s Levaditi piepaiation, at 
least eighteen distinct spnochetes aie repiesentcd Such pictures are 
not infrequently encountered in congenital syphilis, but laiely if ever 
in acquii ed tei tiary lesions 

In order to differentiate between ceitam types of spnochetes, the 
use of the dark field is piactically essential When the examination 
is limited to the appeal ance of the oiganisms in tissues, little weight 
can be placed on the distinguishing featuies The pictuics of the 
spnochetes by McNee aie sinnlai, if not identical, with those of Vincent 
as found for instance in tissue which is the seat of a sapiophytic infec- 
tion The resemblance is leadily lecognized when companson is made 
between the organisms in McNce’s lllustiation and those demonstiated 
by Pilot and Davis 2 in sections of tissue of the lungs taken from 

\ McNee, I W Syphilis of the Stomach, Quail J Med 15 215, 1921-1 922 

2 Pilot, I, and Davis, D J Studies in Fusiform Bacilli and Spnochetes 
Arch Int Med 34 313 (Sept) 1924 (Especially figures 4 and 11 ) Pilot, I ' 
Davis, D I , and Shapiro, I J Studies on Fusiform Bacilli and Spirochetes 
Am Rev Tubcrc 8 249 (Nov ) 1923 (fig 4) 
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patients with pulmonary abscess and gangrene In their woik on pul- 
monary fusospirochetosis, Pilot and Davis confirmed the observation 
of others that there occurs beyond the area where fusiform bacilli are 
found in association with spirochetes an advance zone m which spiro- 
chetes alone are present These observations appear to be identical with 
those described by McNee, for, according to his report, “the spirochetes 
in the necrotic surface layer were mixed with other organisms ” 

The frequency of spirochetes in ulcerating lesions of the stomach is 
too well known to require emphasis here Based on his study of the 
presence of spirochetes in carcinoma, Simmonds 3 concluded that these 
organisms demanded attention because of the possibility of confounding 
them with Spn ochaeta palhda Fraenkel, 4 m discussing Simmonds’ 
paper, pointed out that from the photomicrographs which portrayed the 
spirochetes alone, a diffeientiation could not be made between the spiro- 
chetes found in carcinoma and the causative organisms of syphilis This 
view is substantiated by the careful bacteriologic studies of Arnheim 5 6 

In the case report to follow, a number of spirochetes were found in 
Levaditi preparations made from the ulcerated areas These organisms 
were present on the whole in association with fusiform bacilli and other 
bacteria Occasionally, however, spirochetes vvere found beyond the 
zone of bacterial invasion W e classified these spirillums as Spirochaete 
vmcenti and are inclined to place the organisms found by McNee m the 
same category We accept McNee’s case as one of gastnc syphilis, 
not on the basis of the bacteriologic observations, but because we con- 
sider the anatomic changes sufficiently characteristic to warrant this 
diagnosis As a result of the investigation carried out in connection 
with our cases and those published in the literature, we were led to 
conclude that the causative organism of syphilis has not been demon- 
strated in any instance of gastric syphilis reported 

Before entering on a discussion of syphilitic lesions m the stomach, 
we desire to direct attention to current conceptions of the pathologic 
anatomy of syphilis m general An authoritative and clear exposition 
of the subject is furnished by MacCallum, 0 who, in discussing the 
pathologic condition of the teitiary stage, stated 

The most characteristic, though not the most common manifestation of the 
affects of the spirochaetae in this stage of the disease is the gumma, which 
receives its name from its elastic, rubber-like consistency (Gummigeschwulst) 


3 Simmonds Ueber Spirochatenbefunde in Karzinomen, Munchen med 
Wchnschr 55 1103, 1908 

4 Fraenkel, E Discussion on Simmonds (footnote 3) 

5 Arnheim, G Die Spirochaten bei Lungengran und ulzerierendem Car- 
cmom (Kulturversuche), Centralbl f Bakteriol 59 20, 1911 

6 MacCallum, W G A Text Book of Pathology, ed 3, Philadelphia, W B 
Saunders Compam, 1924, p 708 
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Most commonly such nodules are found embedded m the tissue and surrounded 
on all sides by radiating fibrous tissue which in itself is not especially peculiar 
But the central poition is firm, elastic, opaque and yellowish-white like hard 
cheese This is the necrotic caseous part, analogous to that found in tubercles 
but different in its elastic, firm consistency and in the slighter tendency to 
liquefy In it one may sometimes discern faint outlines of pre-existent tissue 
now necrotic Such nodules may be of almost any size from middle points 

to large masses In the nnliary gummata there may be no caseation or 
coagulative necrosis and the nodule is seen as a moic or less concentrically 
arranged group of epithelioid cells richly mingled with mononucleai wandenng 
cells and occasionally with giant cells The anangement is usually indefinite 
and irregular, lacking the sharpness and precision of the aiclntecture of the 
miliary tubercle 

The impiession is gained fiom the foiegoing quotation and fiom 
othei textbook descnptions that the teim gumma niaj be coneclly 
applied to piactically any ciicumsciibed elnonic gianulomatous lesion 
occui ring in sy plnlis mespectne of size or the piesence 01 absence of 
caseation Howevei, tlieie is a definite tendency on the pait of path- 
ologists to choose as the most distinctne lesion of syphilis that type of 
gumma pictuied by MacCallum in a testis (p 706) and lefened to 
by Kaufmann 7 as full) developed In this matui e lesion, both the 
gross and nncioscopic featuies aie unique In histologic sections as 
stated by Kaufmann, one can distinguish thiec zones, namely (1) a 
caseous centei the lesult of coagulative neciosis, (2) a middle zone of 
fibious tissue v ith a limited numbei of lecently prolif eiated and infil- 
trated cells and (3) an outer layei of youngei gianulation tissue uch m 
mflammatoiy elements Macioscopically, when of sufficient size, the 
fully developed gumma yields a rubbei-like consistency, and theiefoie 
repiesents a tiue “gummigeschwulst” seen especially in the livei, biain 
and testis It is this paiticulai tjpe of gumma which, when piesent, is 
of the gieatest value in identifying the infection as syphilitic and in 
sepal ating the syphilitic fiom othei types of gianuloma As the 
lesion descnbed may be consideied the most chai actei istic of teitiaiy 
syphilis, it is lef cried to as the “classic gumma” 

A painstaking seaich thiough the liteiatuie on gastnc syphilis failed 
to disclose within the stomach a single instance of a gumma answenng 
to the gioss and micioscopic descnption of the fully developed one 
Even the ceitam or almost ccitain cases of gastnc syphilis gatheied by 
Konjetzny 8 in his compi ehensive tieatise on the subject lack cases show- 
ing classic gummas Analysis of the ongmal lepoits lefened to by 

7 Kaufmann, E Lehrbuch tlci spezicllcn pathologischcn Anatomic ed 
7 and 8, Berlin, 1922, vol 8, p 1586 

8 Konjetzny, G E , Henke, F , and Lubarsch, O Handbuch der spezicllcn 
pathologischcn Anatomic und Iiistologie, Beilin, 1928, vol 4, pt 2, p 1026 
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Konjetzny (Kiebs , 0 Corml and Ranuer , 10 Birch-Hirschfeld , 11 Fraen- 
kel , 12 Btiday , 13 Stolper , 14 Biams , 15 McNee 1 ) indicates that the gummas 
mentioned by those authors were almost mvaiiably found to be cir- 
cumscribed foci of gianulation tissue dense!) infiltrated by inflammatory 
cells, but devoid of cential necrosis en masse (in Brains’ article the 
microscopic changes of his case are splendidly described and piofusely 
illustrated) 

Although classic gummas were absent in the stomachs, they were 
encountered in other organs, such as the liver, m more than a majority 
of the cases mentioned If the gastric lesions recorded were actually 
syphilitic m origin, then the lack of classic gummas in those stomachs 
is to be explained on the basis of differences m the local response to 
the spirochetal invasion of this oigan as compaied with other organs 

A number of authors believe that the diagnosis of syphilis cannot be 
positively made on the basis of a single lesion, since, m their opinion, 
identical morphologic changes may result fiom another type of infec- 
tion, for instance, tuberculosis Pathologists m general choose to speak 
of the gumma as the characteristic rather than the specific lesion of 
syphilis, inf ei ring thereby that this particular type of granulomatous 
tumor occurs most frequently but not invariably m syphilitic lesions If, 
however, any single lesion is to be considered specific of the teitiary 
stage of syphilis, the classic gumma is entitled to first claim In the 
following paragraphs the term specific lesion of syphilis refers to the 
classic gumma with the tacit understanding that specificity is assumed 
lather than proved 

As Spa ochaeta pallida and the classic gumma, which represent 
respectively the specific organism and the lesion, constitute the only 
proofs of syphilis, we are forced to conclude that as fai as we were able 
to ascertain, the medical literature does not contain a report of a true 
case of syphilis of the stomach This conclusion, however, should not be 

9 Kiebs, E Handbuch der pathologischen Anatomie, Berlin, 1869, vol 1, 

pt 1, p 260 

10 Corml, V , and Ranvier, L Manuel d’lnstologie pathologique, ed 3, 
Paris, 1912, vol 4, p 482 

11 Birch-Hirschfeld, F V Lehrbuch der pathologischen Anatomie, ed 4, 
Leipzig, 1895, vol 4, p 642 

12 Fraenkel, E Zur Lehre von der acquirirten Magen-Darm-Syphilis, 
Virchows Arch f path Anat 155 507, 1899 

13 Budaj, K Ueber einen ungewohnlichen Fall von Syphilis, Virchows 
Arch f path Anat 141 514, 1895 

14 Stolper, P Beitrage zur Syphilis viscerahs (Magen-Lungen-Herz- 
srplnhs), Bibliotheca medica, Cassel, 1896, no 6, pt C 

15 Brams, W A Ueber das Ulcus syphiliticum multiforme ventnculi, Arch 
f Verdauungskr 27 375, 1921 
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consti lied to mean that the diagnosis of syphilis of the stomach m all 
cases lepoited as such is enoneous As a matter of fact, evidence of 
gastric syphilis is so convincing m many of the lepoited cases that foi 
clinical pui poses they may be leadily accepted as such even in the absence 
of actual pi oof 

We do not see any valid leason why the clemonstiation of the specific 
01 ganisms m suspected cases of gastnc syphilis should be demanded 
when it is generally conceded that Spnochacta palhda is found in the 
lesions of acquued teitiaiy syphilis only exceptionally (Aschoff 10 ) 
Noi do we see the logic of lef using to lecognize as syphilis of the 
stomach a case in which classic gummas are lacking, since it is well 
known that the gummy tumor with cential neciosis en masse is far less 
common than the less typical lesions of syphilis, and that, fuitheimore, 
in not a few locations the classic gumma is laiely seen (aorta, 
periosteum) 

Thioughout the body, gianulomatous lesions aie diagnosed as syphi- 
litic on the basis of collectne evidence e\en in the absence of specific 
indications As experienced a pathologist as Fiaenkel 17 recommended 
m cases of questionable syphilitic aortitis the pei foimance of the Wassei- 
mann test postmortem, as an aid m final diagnosis MacCallum c writes 

The history of the case, the Wassermann reaction, the bacterial findings, the 
distribution of the lesions and their relationship to lesions elsewhere, their sire, 
consistency, and gross appearance, their tendency to heal or to break down, 
and least of all their histological structure — these arc the things upon which 
the diagnosis of syphilis in the tertiary stage inaj be based 

We ate of the opinion that the standaids which aie customanly used 
in the diagnosis of syphilis elsewheie should be applied also to syphilis of 
the stomach, and that the cntical pathologist should requne simply a 
piepondeiance of ewdence and not actual pi oof before accepting the 
case as one of gastnc syphilis 

After reaching the foiegoing conclusions regaidmg entena foi the 
diagnosis of syphilis of the stomach, we leviewed the facts in connection 
with om case of 1925 As a lesult of this later study, we felt that, in 
the light of oui l ecently acquued knowledge and opinion, theie was 
sufficient evidence to justify the diagnosis of syphilis of the stomach 
We are presenting the case in some detail m oulci to give the leadei an 
opportunity to judge for himself as to whethei oi not theie aie sufficient 
clinical, laboiatory and pathologic data on which to base the diagnosis of 
syphilitic gastrititis 

16 Aschoff, L Pathologische Anatomic, ed 6, Jena, 1923, vol 1, p 571 

17 Fraenkel, E, and Much, H Das Wasscrmansche Reaktion and der 
Leiche, Munchen med Wchnschr 55 2479, 1908 
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REPORT Or CASE 

Clinical History — C D, a colored man, aged 38, was admitted to the medical 
ser\ice of the Cook County Hospital on Aug 21, 1924, with an examining room 
diagnosis of gastric s\plnlis His presenting complaint was epigastric distress, 
which had begun ele\ en months prior to entrance During the first nine months 
of the patient’s illness, the distress although persistent had been relatively mild 
At the beginning of the tenth month, the discomfort had been felt as an actual 
pain which had caused the patient to stay in bed, where he had remained for 
approximately four weeks After his confinement, he had attempted to return 
to work, but had been compelled to remain home on acount of the pain he 
experienced 

He had a burning pam accompanied at times by severe cramps It was 
located in the epigastrium to the left of the mid-line and was circumscribed 
The pam was felt on arising and was relieved for half an hour or so by break- 
fast The same pain-food-ease sequence occurred in connection with the other 
meals The relief from taking of food, however, was not constant Pain at 
night had not been felt prior to entrance The intake of soda was not 
followed by definite relief, but by vomiting which occurred usually after the 
noon meal had been eaten Pressure applied to the epigastrium allayed the 
severity of the pam Relationship was not noted between the pam and the 
quantity or quality of the food eaten 

The patient had lost 20 pounds (9 Kg ) during that part of lus illness 
previous to six weeks before hospitalization During these six weeks, he had 
regained 10 pounds (4 5 Kg ) Constipation had been marked throughout the 
eleven months, and the patient had required a cathartic in order to obtain a 
bowel movement Other noteworthy complaints were not elicited in the routine 
inventory' of symptoms by systems He had contracted gonorrhea six times In 
May, 1923 he had had multiple penile sores followed by bilateral bubo He 
believed that the Wassermann reaction had been negative at that time His 
occupation necessitated the handling of paint 

Examination — Physically he was well developed but somewhat undernourished 
Abnormalities were not present, except for a slight generalized lymphadenopathy 
and multiple scars on the glans penis The chemical analysis of the blood 
disclosed a moderate degree of secondary anemia The diagnosis of chronic 
plumbism w r as regarded as the most likely, and the patient w’as placed on a 
treatment with phosphoric acid and potassium iodide, pending the results of 
further tests The Wassermann reaction wms reported 2 plus, on the basis of 
this report, mercury rubs and potassium iodide w r ere prescribed Sixty cubic 
centimeters of material with a free acidity of 12 and a total acidity of 35 
degrees was aspirated one hour after the administration of an Ew'ald test 
meal Occult blood w r as not detected in the gastric contents Tests of tw r o 
stools, one liquid and the other formed, were negative for chemical blood 

X-ray examination revealed The stomach proper appeared normal during 
the screen stud\, but on the plate series lacked the perfect rounding of the 
pyloric end \ satisfactory duodenal bulb was not seen at any time During 
the early part of the screen examination, a persistent pocket-like shadow w r as 
obtained at the right extremity of the base of the cap There wrns a marked 
imperfection of the bulb which w'as fairh constant in the plate series The 
diagnosis was duodenal deformit\ of sufficient degree to support a clinical 
determination of ulcer 
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Cow sc of Illness — The ease was managed like eases of ulcer, and although the 
acidity was readily controlled, the pain persisted and was particularly noticeable 
during the night After twenty-six days of trial, the Sippy ulcer regimen was 
discontinued, and nonspecific protein therapy was instituted This afforded 
only temporary relief The patient left the hospital on Oct 3, 1924, slightly 
improved 

Approximately three months latei, he returned to the hospital, saying that 
the epigastric pain had inci eased progressively in seventy On physical examina- 
tion, tenderness was elicited in the left epigastric region, where resistance was 
felt An Ewald test meal yielded 240 cc of gastric contents, which showed 12 
free and 23 combined degrees of acidity Chemical blood was not found The 
motor meal indicated retention after six hours, and the test for occult blood 
at this time was positive Of six stools examined for blood, three showed a 
trace with the bcn/idine test, the others proved negative A smear of the 
bacteria m the stool showed a preponderance of the gram-negative flora A 
second x-ray examination on Jan 12, 1925, disclosed a 4 ounce residue at 
the end of six hours and a pyloric defect which was interpreted as carcinoma- 
tous The patient was transferred to the surgical service, with the diagnosis 
of carcinoma of the stomach On January 19, exploration was undei taken by 
one of us (F D ), and an indurated mass of unusual character occupying the 
pyloric area was palpated Resection of the distal one third of the stomach was 
decided on and was earned out according to the Polya method At the 
conclusion of the operation, as the patient was being moved from the table, he 
died suddenly The mode of death lesembled that which occurs in persons with 
latent syphilis of the brain who are subjected to general anesthesia (LeCount 
and Singer”) The coroner's physician, without making a postmortem examina- 
tion of the body, attributed death to ether anesthetic 

Pathologic Rcpoi t — The gross description lead as follows This specimen 
consisted of the resected pyloric portion of the stomach to which was attached 
the beginning duodenum The specimen, which had the form of a thick, 
narrow tube, measured 11 and 6 5 cm along the greater and lesser curva- 
tures, respectively There was only a small amount of fat in the gastro- 
colic and gastrohcpatie omentums 'i lie lymph glands along the greater cuiva- 
ture were enlarged to the sire of a bean, weic firm in consistency and on 
section were a pale pink The serosa covering the distal half of the specimen 
was white in places because of fibrous thickening When opened along the 
greater curvature and viewed fiom the mucosal side, three iricgulat defects 
in the gastric lining w'crc observed 'I lie largest, which was located on the 
lesser curvature, extended to involve both anterioi and posterior w’alls, and 
assumed a form somewhat suggestive of a clovcilcaf It measured 3 5 cm 
in its larger and 2 8 cm in its smaller diamctci The other ulcers located 
distally were approximately of equal size, and measured 2 4 and 2 2 cm m 
diameter, respectively The largest of the three ulceis w r as scipiginous m 
outline, and, as compared with its extent, was quite shallow and superficial The 
edges were not thickened or undermined, but were clearly dcmaicalcd fiom 
the surrounding mucosa and were adherent to the w'cll outlined mat gins of 
the ulceration The floor was smooth and covered with a grayish red mem- 
branous deposit which was easily removed The two smallci ulcers weic sumlat 
in all essentials 


18 LeCount, E R , and Singer, IT A T lie Hazard of Surgical Anesthesia 
with Syphilis of the Brain, J A M A 81 358 (Jan 31) 1925 
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The mucous membrane between the ulcerations was for the most part 
unattached to the underlying submucosa, and was mammilated and devoid of 
rugous folds The gastric wall was greatly thickened, beginning at a point 
1 6 cm distal to the proximal edge of the resected specimen and extending to 
the pyloric ring The ulcers were located in the thickest portion of the specimen 
On section, the thickening w T as seen to be due mainly to an increase of the 
submucosa which appeared wdute and succulent with whitish-yellow miliary and 
subnuliary foci here and there A number of sectioned blood vessels stood 
out prominently The point of maximum thickness measured 1 8 cm , of which 
the submucosa comprised one half The thickening gradually decreased in 
passing centrifically from the zone of ulceration The muscular layer was only 
slightly thickened, but w r as rendered somew r hat prominent by contrast with the 
white submucosa Distinct connective tissue septums were not seen to pass 
downward from the submucous to the subserous layer 

Mici oscopic Description — Blocks were removed from many regions, especially 
from those areas which appeared different grossly and which were prepared 
according to standard methods In the description which is to follow the 
structural changes as determined by hematoxylin and eosin, van Gieson and 
Weigert elastic tissue and fibrin stains will be treated as they occurred layer 
by layer The bacteriology and mycology for wdnch Levaditi, Ziehl-Neelsen and 
Giemsa stains w r ere utilized will be reported separately following the complete 
description of the pathologic-anatomic alterations 

Mucosa — At a distance from the margins of the ulcer, the mucosa appeared 
to be of average thickness and contained pits and tubules of normal appearance 
In approaching an ulcer, the branched tubules gradually disappeared, leaving 
only crypts behind Some of these were distended to form cystic swellings 
before the lining epithelium ended at the ulcer edge in a single horizontal 
lajer of cells The border of the mucosa was, as a rule, flush with that of an 
ulcer wall The most noteworthy change in the mucosa was the presence of 
numerous lymphocytes, lymphoid and plasma cells, together with many macro- 
phages and an occasional eosinophil, accumulated in the tunica propria These 
cells were found in greatest numbers near the margins of the ulcer, but even 
at distant points they were present m abundance For the most part, the 
infiltrate was a diffuse one, but here and there dense circumscribed collections 
resembling solitary nodules extended upward into the mucosa from the under- 
hing layers 

Musculaius Mucosae — The muscularis mucosae was, in all the sections exam- 
ined, greatly thickened, especially in approaching the ulcers At the border 
of an ulceration, the muscular tissue became thin and divided, and was obscured 
entirely by a cellular mass wdnch formed the wall of the ulcer Along with the 
thickening of the muscularis mucosae, which was due mainly to an increase in 
connective tissue, there was a separation and division of its substance into 
strands and bundles Between the divided elements were accumulations of 
ljmphootes, ljmphoid and plasma cells and macrophages Extensions from 
these foci appeared to pass into the mucous layer Here and there a large, 
circumscribed collection of cells projected from the submucosa through the 
muscularis mucosae to involve the mucosa The included fibers of muscle were 
m such areas represented bj few remnants of the original tissue The vascular 
changes here were similar to those to be described in connection with the next 
laver 
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Submucosa — The submucosa was the seat of the most extensive and most 
marked changes The thickening of the submucous layer, which under low 
magnification was its most conspicuous feature, was due to a diffuse production 
of granulation tissue associated with a chronic edema and the formation of dense 
inflammatory infiltrates The involvement was present, not only m the 
immediate proximity of the ulcers, but also at a distance from them The 
ulceration nowhere extended below the superficial portion of the submucosa 
The floor of an ulcer was covered by fibrin, within the meshes of which were 
polymorphonuclear leukocytes and a cellular debris Underlying the superficial 
fibrinous layer was a young granulation tissue rich in greatly dilated capillaries 
and cellular elements which consisted mainly of plasma cells Beneath this 
layer of young granulation tissue were diffuse and circumscribed aggregates of 
cells in which the plasma variety overwhelmingly predominated 

The cellular infiltrates varied in size, circumscription and outline In places 
the cells were thickly set, especially in the region of ulceration , in other places, 
they were rather widely separated by a loose, edematous granulation tissue 
The well circumscribed accumulations of cytologic elements were for the most 
part round, and ranged from the size of a classic miliary tubercle to ten times 
that size More or less diffuse, indefinitely demarcated, irregularh outlined 
collections of cells were found especially beneath the muscularis mucosae, 
penetrating into and separating its constituents into fractions and entering the 
mucosa The intimate relationship of many of these aggregations to blood 
vessels was most conspicuous and will be discussed later A striking feature was 
that the inflammatory infiltrates were, in almost all the sections examined, more 
prominent in the superficial one half of the submucosa In the lower one half, 
the cellular elements tended to be perivascular in their distribution 

The cjtologic elements comprising the submucosal aggregates w'cre mainly 
lymphocytes, lymphoid and plasma cells in varj mg proportions, together with 
scattered macrophages and epithelioid cells Some foci consisted entirely of 
closely packed lymphocytes, about which a few' hmphoid and plasma cells W'ere 
scattered In others, the three types of cells w'cre heretcrogcneously mixed and 
present in approximately equal numbers At the base of an ulceration, the 
plasma cells greatly outnumbered the other types Most of the cellular collec- 
tions had a more or less uniform, dark appearance, and contained a few' 
capillary blood vessels and a barely visible reticulum A few r , liow'ever, and 
these were generally located just beneath the muscularis mucosae, presented 
a light area, usually central, made up of a structureless material separating the 
granuloma cells, w'hich w’ere w r ell preserved Giant cells such as are found in 
the muscularis propria were not present in the submucosal foci 

The perivascular grouping of the granulomatous cells (figs 1, 2 and 3) w r as 
perhaps the most unique microscopic feature in the altered appearance of the 
submucosa The infiltrated cells formed bands of varying thickness, partial or 
complete, about many of the vessels The small and medium sized vascular 
elements were affected to a greater degree than the larger blood vessels The 
perivascular infiltrates consisted of the same type of cells found in the aggre- 
gates, which w'ere unrelated to the vessels In addition to the perivascular struc- 
tures, the blood vessels themselves presented evidence of active participation in the 
inflammation (figs 1, 2 and 3) A noteworthy fact was that the vascular 
involvement was peculiarly irregular in its distribution One vessel may show' 
extensive injury, a second a moderate degree of involvement and a third, 
located in an intermediate zone, may be entirely spared This focal involvement 
was especially prominent m areas beyond the wall of the ulcer The injury 
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to the -vessels appeared to result mainly from granulomatous involvement 
similar to that found elsewhere The invading elements were in some cases 
limited to the adventitia In others, the} extended to include the mediums 
and even the mtima Occasional!} the mtima, through multiplication of its 
lining cells, lead to narrowing or complete occlusion of a vessel lumen In 
places, the combination of proliferation of the endothelial cells, granulomatous 
invasion and compression of the vessel was encountered (figs 1, a and 2, a) 
Although the picture of recent and active panvasculitis was frequently noted, 
the number of totally obstructed vessels was very small In not all cases 
was the entire circumference affected, for here and there a nodular swelling 
which projected from a portion of the wall of the vessel could be seen Changes 



Fig 1 — V ascular and perivascular involvement in the submucosa One vein 
(a) is totally occluded due to endothelial proliferation, panvasculitis and 
compression In the other two veins ( b and c ) the granulomatous cells are 
limited mainly to the adventitia The walls of the arterial elements ( d and c ) 
although encompassed by dense cellular aggregates are invaded to only a slight 
degree Magnification, 100 diameters 

of a chronic nature indicated by the presence of an increase of adult fibrous 
tissue m one or more layers was uncommon 

A notevorthj and remarkable feature was the focal distribution of the 
vascular injur} Often a series of sections might disclose the fact that simply 
a segment of a vessel was involved, and what was particularly striking was 
that in cross-section merel} a sector of that segment might be affected 
Another distinctive character was that the veins bore the brunt of the injury 
accorded the vessels, for involvement of the arteries was far less marked In 
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fact, the severe degree of phlebitis often contrasted strikingly with the mildness 
of the arteritis In many fields in which an artery was relatively uninvolved, 
the accompanying vein or veins were greatly damaged The reverse, however, 
was not true When obliteration of an artery was encountered, which occurred 
only occasionally, the caliber of the affected vessel was usually quite small 
Occlusion of the venous radicals, however, was not limited to the finer elements 
The larger vessels were relatively free from granulomatous involvement 

Study of the vascular changes was greatly aided by preparations stained 
for elastic elements In many vessels, the elastic ring appeared to be intact 
and normal In some instances, the lamina elastica was frayed but unbroken 



Fig 2 — An area m the submucosa at a distance from figure 1 The 
endothelial proliferation and swelling, together with granulomatous invasion 
obliterates one vein (a) The wall and lumen of the accompanying artery ( b ) 
are unaffected In a neighboring vein (c) the granulomatous elements are seen 
to extend from the adventitia to the mediums Magnification, 125 diameters 

Excessive separation of the elastic elements was associated, as a rule, with a 
marked alteration in the normal architecture of the involved vessel In some 
instances, otherwise indifferent structures were identified as vessels solely by 
the presence of retained elastic rings On the other hand, some of the diffusely 
involved vessels, principally veins, recognized as such with the aid of counter- 
stains, had lost their elastic membranes entirely Especially instructive were 
those pictures in which only a sectoi of a ring, corresponding to a localized 
granulomatous involvement of a vessel, had undergone elastolysis The manner 
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in which vascular occlusion occurred was rendered clear in the sections stained 
by Weigert’s method The elastic membrane instead of practically bordering 
the lumen of a vessel was separated from the endothelial lining by constituents 
of the granuloma which encroached on the channel and produced a thickening 
of the vail of the vessel (fig 3) 

The Mjtsculans Ptoptia — This layer was also greatly altered, particularly in 
those areas in which the overlying submucosa showed high-grade changes In 
that portion which was adjacent to the submucosa, there were found a slight 
thickening of the connective tissue and a marked increase of the elastic elements 
which normally occupied the boundary between the two coats In the deeper 



Fig 3 — Endarteritis (a) and panphlebitis ( b ) (Weigert’s elastin stain, counter- 
stamed with lithium carmine) In each vessel the elastic membrane is separated 
from the lining endothelium by granulation tissue which encroaches on the vascular 
channel The eccentric situation of the lumen of the artery is the result of 
excessive thickening of a portion of the circumference of the intima Magnifica- 
tion, 150 diameters 

lajers, although vascular involvement was not lacking, it was not nearly as 
prominent as in the submucosa The perineural lymphatics and tissues were 
the seats of cellular accumulations which closely resembled the perivascular 
infiltrates already described Extension of the inflammatory cells between the 
neural elements vas not infrequently encountered 

The degree of imohement and the type of alteration found in the mus- 
cularis propria varied m different sections examined In some of the areas 
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investigated, edema of the intermuscular septums was found associated with 
rather sparsely infiltrated lymphocytes and lymphoid and plasma cells, the last 
predominating In other places there were, in addition, moderate numbers of 
cells gathered m spaces of tissue, forming linear collections between bundles 
of muscles In still other areas besides the rather diffuse infiltrates, there were 
dense cellular accumulations constituting smaller or larger circumscribed foci 
which invaded and replaced the normal substance of muscle (fig 5) These 
foci were in the main round or oval, but here and there they were polymorphus 
Some of the smaller foci were uniform, but the majority of these and practically 
all of the larger collections stained lighter in the central portions 



lug 4 — Miliary nodule located m a septum in the muscularis propria Two 
multinucleated giant cells are present Magnification, 225 diameters 

The circumscribed infiltrates which stained uniformly were composed of the 
same elements which constituted the submucosal aggregations In the granulo- 
matous foci with light centers (figs 4 and 5) corresponding to these pale- 
staming areas, threads and granular debris separating widely the individual 
cellular elements of the infiltrate were found The granulomatous cells were 
well preserved, their nuclei stained distinctly and did not exhibit regressive 
changes The structureless material between the cells appeared to be derived 
from the pre-existent tissue in which the granulomas had developed Thus, 
smooth fibers of muscle could be traced from the periphery of a granuloma 
to its center where the fibers became transformed into granules In some of 
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the giant cells, a lew of these granules, in addition to nuclear remnants, were 
engulfed The central portions of these granulomatous foci consisted of 
lymphocytes, lymphoid, plasma and epithelioid cells, together with mononuclear 
macrophages and Langhans giant cells supported by a delicate granulation 
tissue in which a moderate number of capillaries were found The arrangement 
of the cells comprising the light-staining centers were strikingly indefinite and 
irregular and lacked the precision of architecture seen for instance in miliary 
tubercles The peripheral portions of foci with pale-stainmg centers consisted 
mainly of closely' packed round cells Multinucleate giant cells were not present 
in the outer zones of the granulomatous nodules 



Fig 5 — A miliary' granuloma which has destroyed and replaced the original 
muscle fibers in the circular layer of the muscularis propria In the region of 
the pale-staining granular debris there are four foreign-body giant cells Mag- 
nification, 125 diameters 

Serosa — The peritoneal covering was greatly thickened, and its normal elements 
were widely separated, owing to an edema fluid and the presence of numerous 
round cells together with a few' macrophages The infiltrate, which v'as diffuse, 
was more marked in some parts than in others, but now'here w’as there any 
tendency toward dense accumulation or circumscription of the inflammatory 
cells The lascular and perivascular involvement w r as noted in this layer also, 
however, not to the degree seen in the other coats 

Bacteriology and Mycology — Specific stains for tubercle bacilli failed to dis- 
close the presence of acid-fast organisms In Levaditi preparations, in the 
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necrotic tissue forming the floor of an ulcer, were seen a number of spirochetes 
which had from four to eight coarse spirals resembling morphologically the 
spirilla of the mouth These were found, on the whole, in association with 
fusiform bacilli and a number of other bacteria Only occasionally could a 
spirochete invading intact tissue be identified beyond the fusospirochetal zone 
Sections stained by the method of Giesma did not reveal any fungi 

SUMMARY AND COMMENT 

At the time the case teported heiewith came under observation 
(1925), we weie led to believe that before the diagnosis of syphilis could 
be justifiably made the demonstration of either Spirochacta pallida or 
the classic gumma was necessaiy The expenence of one of us 
(H AS) with thiee subsequent cases in which the clinical, laboratoiy 
and anatomic observations pointed dnectly to syphilis of the stomach, 
but in none of which either of the foregoing lequirements were fulfilled, 
led us to inquire into the fiequency with which the spirochete of 
syphilis and the classic gumma ivere found in cases lecoided in the 
literature as examples of gastnc syphilis 

We were able to find but one tepoit, that of McNee, 1 in which the 
demonstiation of spnochetes in the gastnc tissues led to its acceptance as 
one of proved acquired syphilis of the stomach Cntical analysis, how- 
ever, proved to us that the 01 gam sms descnbed and pictuied were far 
more likely spirochetes of Vincent than Spv ochacta pallida We there- 
fore declined to accept McNee’s diagnosis of the type of spnochetes pres- 
ent in his specimen, and concluded that in no case of acquired s)phihs 
of the stomach has the spuochete of syphilis been satisfactorily 
demonstiated 

The most chaiacteristic and, accoidmg to some authonties, specific 
lesion of syphilis is the fully developed (classic) gumma It possesses 
an elastic (gummy) consistency apparently due to coagulative neciosis 
of a paiticular type Othei lesions found in syphilis, such as miliary 
gummas and dense cellular mfiltiates, exhibiting a penvascular arrange- 
ment, aie not as distinctive Although present in other oigans, such 
as the liver, lungs and spleen, classic gummas were entirely lacking in 
the stomachs of all the cases of syphilitis gastritis available for analysis 

Since we were unable to discover m the literature on acquired gastric 
syphilis any instance in which Spn ochacta pallida or the classic gumma 
was actually demonstrated, we concluded that either the diagnosis of 
syphilis of the stomach was enoneous m all the cases lepoited or else 
our criteria were too stringent In not a small number of cases, although 
actual proof in the foim of the specific organism or lesion of syphilis in 
the stomach was lacking, the evidence for gastric syphilis was so pie- 
ponderant as to force us to conclude that our previous standaids weie 
inappropriate As a result of oui study, we learned that the natuie of 
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an acquired s\ philitic infection of the stomach w as such as to lack actual 
proof of the condition, but it furnished a number of clinical, laboraton 
and anatomic characteristics which collectively justified the diagnosis 
We recalled our case of 1925, and reviewed it m the light of our 
revised impressions As a result of this more recent study, we were 
disposed to consider the case as one of gastnc syphilis and to submit the 
facts regarding it in some detail in order to give the reader an oppor- 
tunity to weigh the evidence and to judge for himself The clinical 
and laboratory characteristics of gastnc syphilis are dealt with suf- 
ficient!) in systems of medicine and in textbooks on diseases of the 
stomach to render a discussion here superfluous The character of the 
anatomic changes in the stomach do not differ m any great essential from 
tertiary syphilitic lesions elsewhere, except, perhaps, that theie is a 
greater tendency toward ulceration which presumably is due to 
mechanical trauma and to the digestn e action of the hydrochloric acid 
and pepsin when present 



SIMULTANEOUS NONSURGICAL DRAINAGE Oi' 
THE GALLBLADDER AND INTRAVENOUS 
CHOLECYSTOGRAPHY* 

H L EOCKUS, MD 

AND 

J GERSHOX-COHEN, M D 

I'HILADFLPHIA 

There has been ample experimental proof of the ability to obtain 
bile from the gallbladder of animals, after certain substances have been 
instilled into the duodenum Experimental evidence on man was first 
supplied by Siherman, and more recently by Lake and by L)on and 
others An extensiv e experience with duodenal bile drainage convinced 
us several )ears ago that a considerable amount of bile could be diamed 
from the gallbladder b} the method introduced bv L) on In order 
to present further evidence of this fact, it was decided to carry out 
the following experiment Twelve patients, whom we considered to be 
free from disease of the gallbladder, were studied Each was given 
tetraiodophenolthalein mtravenoush at 9 p m after a fat meal of cream 
and milk had been ingested at 5 30 p m The gravity method was used 
Three and five tenths grams of the dje dissolved in 100 cc of 
phvsiologic sodium chloride were injected Severe reactions did not 
occur Five patients experienced slight nausea or dizziness for a 
short time after the injection Pictures were taken at 9 45 the following 
morning This work was carried out in the roentgen-ra) laboratories 
of Dr George Pfahler, at the Graduate Hospital 

The technic was uniform tluoughout the experiment The jfiate 
target distance, central ray focus, factors of exposure, position of 
patient and development vveie identical in the examination of each 
patient Immediately after this preliminary picture was exposed, a 
duodenal tube was passed Three cases were discarded In one, the 
gallbladder could not be visualized, and it was not possible to intubate 
the duodenum in two others In the remaining nine cases, stimulating 
solutions were introduced into the duodenum, and subsequent x-ray 
exposures were made Ninety cubic centimeters of a 33 per cent 
saturated solution of magnesium sulphate 1 was the first stimulating 

'' From the Gastrointestinal Clinic and the X-Ray Laboratory of the Graduate 
School of Medicine, University of Pennsylvania 

* Presented in the discussion of papers on the “Combined Studies of the 
Gallbladder by Xonsurgical Drainage and Roentgenography,” by Dr Ljon and 
Dr Cole before the American Gastro-Enterological Association, May 1, 1928 

1 The percentage of magnesium sulphate solution throughout the discussion 
refers to “volumetric ” 
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solution used m each instance In all except two cases a second 
stimulant, 90 cc of a 50 per cent solution of magnesium sulphate being 
used, was applied to the duodenum before the second cholecystogram was 
taken In two of the nine cases, a 50 per cent solution of magnesium 
sulphate was again used, and a third cholecystogi am was made In three, 
a stimulation of 50 per cent solution of magnesium sulphate was followed 
by the mtraduodenal instillation of 1 ounce of warm olive oil before 
the third cholecystogram In the remaining four, olive oil alone was 
used after the second cholecystogram, and a third cholecystogram was 
taken as soon as a satisfactory drainage of bile occuued Immediately 

Results of Experiments of Obtaining Bile fiom the Gallbladdei by 
Stimulation of the Duodenum* 
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following the third cholecystogram, the duodenal tube was removed and 
a fat meal, consisting of a glass of equal parts of milk and cream and 
one raw egg, was administered by mouth One hour latei, a fourth 
cholecystogram was made The first cholecystogram on the first 
patient was taken at 9 30 a m , and the last exposure on the last patient 
was completed at 4 p m The total time taken for the experiment 
including pictures before the tubing, duodenal intubation with drainage, 
subsequent exposures of the gallbladder and the administration of the 
fat meal with cholecystograms one hour later was six hours and 
twenty-five minutes The results of this experiment are statistically 
recorded in the accompanying table, and graphically illustrated by one 
case (A J ) 
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In the hist column of the table is the measuiement of the length and 
width of the gallbladder shadow as depicted by the hist cholecystogram 
In the second is the giade of density of the gallbladder shadow The 
figure m the next colum repiesents the peicentage of magnesium sul- 
phate solution used This is followed by the amount and color of bile 



Fig 1 —Cholecystogram of A J before stimulation The gallbladder shadow 
is 61 by 19 mm The density grade is 4 


obtained The size and density of the gallbladder shadows after stimula- 
tion are then recorded (x-iay film 2) In all except two cases following 
this first series of stimulations with magnesium sulphate, the size of the 
gallbladder shadow had definitely deci eased The gallbladder m these 
two cases (J IT and IT M ) was only faintly visualized before diamage, 
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and onl) one stimulant of 33 per cent magnesium sulphate was used A 
decrease in the density of the gallbladder shadow occurred in five of 
the nine cases following stimulation with magnesium sulphate We may 
conclude from the comparative study of the x-ray films before and after 
stimulation with magnesium sulphate that (1) mtraduodenal mstilla- 



Fig 2 — Choice} stogram of the duodenal tube of A J , showing marked reduc- 
tion in size after two instillations of magnesium sulphate The gallbladder shadow 
is 31 b\ 17 mm , the density grade 4 


tion of magnesium sulphate causes a prompt reduction in the size and 
usually in the densitr of normal gallbladders, and (2) a 50 per cent 
solution induces a better evacuation of the contents of the gallbladder 
than a 33 pel cent solution 
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SECOND SERIES OF STIMULATING SOLUTIONS 

In cases B C , and A J , 50 pei cent of a saturated magnesium sul- 
phate solution was lepeated, and fuithei reduction in both the size and 
the density of the shadow of the gallbladder was accomplished (x-iay 
film 3) A repetition of the magnesium sulphate stimulant in cases 



Fig 3 — Cholecystogram of A J , showing marked reduction in size after the 
instillation of a 50 per cent solution of magnesium sulphate The gallbladder 
shadow is 22 by 10 mm , the density grade 3 


D K and T D did not cause any fuithei appeaiance of a “B” fiaction 
Olive oil was then used, and that there was fuithei i eduction m both 
size and density of the shadow is evident fiom x-iay film 3 In case 
Ii M , 60 cc of oiange bile (some “B” fraction) followed the use of 
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magnesium sulphate, and the mtraduodenal instillation of olive oil 
caused an evacuation of only 10 cc of brown bile, m spite of this 
scant flow of “B” bile, the gallbladder was considerably reduced m 
size on x-ray film 3 In the second series of stimulations, olive oil 
alone was applied to the duodenum m four cases In all except one 



Fig 4 — Cholecj stogram showing still further reduction after a fat meal The 
shadow is 10 by 5 mm , the density is the same as that of figure 3 


case, the third x-ray film shoved a further reduction m the size of the 
gallbladder as compared to the x-ray films taken after stimulation with 
magnesium sulphate In the exceptional case (L S ), the density of 
the gallbladder was so reduced as to be scarcely visible In every 
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case except this one, the second series of duodenal instillations caused 
a further reduction in the size of the gallbladder Since this shadow 
was markedly reduced m density and maintained the same size, it is 
obvious that the stimulating solution caused further evacuation of the 
contents of the gallbladder m every case The density was decreased 
in all cases except J H and H M , these cases were only faintly 
visualized at the start (possibly diseased gallbladders) In case S W , 
the gallbladder was large, well-visualized and filled with stones Never- 
theless, it was markedly reduced m size by drainage and the outline 
became faint after two stimulations with magnesium sulphate and one 
with olive oil A study of the bile and cholecystograms, after a second 
series of stimulating solutions applied to the duodenum, reveals the 
following 1 The gallbladder can be fuither reduced m size after a 
second or third stimulating solution is used. 2 The failure to obtain 
a dark fraction of bile on one occasion does not necessarily mean that 
the gallbladder has not paitially emptied its contents It seems probable 
that m some cases a consideiable amount of the bile which enters the 
duodenum passes on down into the intestines In most instances, how- 
ever, the amount of “B” bile recovered seems commensurate with the 
reduction m the size and density of the gallbladder shadow 3 Olive 
oil is slightly more efficient as a stimulant to the flow of bile from the 
gallbladder than magnesium sulphate 4 The gallbladder was not 
completely emptied after mtra duodenal instillation of magnesium sul- 
phate or olive oil m any case 5 Considering both the size and the density 
of the shadow, the emptying of the gallbladder after bile drainage was 
greater than one half its contents m seven of nine cases The remain- 
ing patients may have had diseased gallbladdei s, as the original shadow 
was faint 

An interesting comparison is that between the thud x-iay film taken 
after bile drainage had been completed, and the fouith taken one hour 
after a fat meal It will be noted that in. two cases (F B and S W ) 
further reduction in size or density of the gallbladder shadow was 
not accomplished by a fat meal In fact, the shadow was slightly 
larger in both cases Of the remaining seven cases, the gallbladder 
shadow after the fat meal was smaller m five and had disappeared 
entirely m two On the whole, the i eduction after a fat meal was not 
as great as we had anticipated If it is fan to judge fiom this small 
series of cases, about 30 per cent of gallbladdei s will be emptied as 
well by the duodenal tube method as by an oial fat meal This may 
not represent a true peicentage, as the fat meal was used after the 
gallbladders had been maikedly reduced in size as a result of biliary 
drainage In four cases, the density of the gallbladder was greater, 
and in two cases it was the same as the density of the shadow before 
the fat meal The explanation for this is not clear 
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CONCLUSION 

Simultaneous duodenal bile drainage and cholecystography were 
carried out m nine cases A marked reduction in the size of the gall- 
bladder shadow occurred after medical bile drainage m every case 
A decrease in the density occui red in all except two cases , one of these 
did not become less dense after a fat meal The stimulants used in the 
duodenum were 33 and 50 per cent solution of magnesium sulphate 
and olive oil Their effectiveness as gallbladder evacuants is about 
m the order given, the 33 per cent solution of magnesium sulphate being 
least effective and the olive oil most effective The gallbladder was not 
completely emptied by this method in any case Taking into considera- 
tion the size and density of the shadow, m seven cases the emptying was 
more than one-half At the completion of bile drainage, the admin- 
istration of a fat meal by mouth brought about further evacuation of 
the contents of the gallbladder in seven of nine cases No further 
change occurred in two of the cases The amount of “B” bile recov- 
ered after stimulation was commensurate with the reduction m the size 
and decrease in density of the gallbladder shadow in most instances 
We estimate that medical bile drainage properly conducted will evacuate 
the gallbladder as well as a fat meal by mouth in 30 per cent of cases 
and that it will cause an appreciable drainage of bile from a normal 
gallbladder in practically every case 



EXPERIMENTAL OBSTRUCTIVE JAUNDICE 

II r AGE FACTOR IN THE PRODUCTION Or BRADYCARDIA* 
WILLIAM C BUCHBINDER, MD 

CHICAGO 

Since Rohrtg’s 1 fundamental work, which was based on the obser- 
vance of a slow pulse in jaundice, the reaction of the heart to bile has 
been the subject of numerous investigations Acute experimental work 
with the biliary constituents has constituted the bulk of research on 
the cardiovascular effects of bile Important as such contributions may 
be, the effects produced by suddenly ci owding into the circulating blood 
certain of the bile constituents, and that of gradual absorption into the 
blood and tissues of these and other products following obstruction to 
the flow of bile m its channels may not be identical, although the pat- 
terns of response m either case, particularly with reference to the brady- 
cardia, may in some way be similar 

METHODS 

This study extended over a period of two years Five litters of puppies, 
a part of a sixth litter and six adult dogs, in all thirty-five animals, were studied, 
observations being made on only one litter at a time The puppies were between 
4 and 7 weeks old at the start of the experiments The adult animals were 
healthy and free from mange Jaundice was produced in the animals by ligation 
and division of the common bile ducts under ether anesthesia In all but one litter, 
several mates on which operation was not performed served as controls 

The heart rate of the animals was taken twice a day with a Bowie’s stethoscope 
placed over the precordium Control rates were observed over a period of between 
five and fifteen days This procedure was adopted in two litters throughout the 
obstructive jaundice and up to the time of the animals’ death, and in the others 
for not more than fifteen or twenty days after the ligation and division of the 
common bile duct, when they were used in other experiments A uniform method 
of taking the pulses was adopted The pulse was counted only after the animals 
lay reasonably quiet in the lap for a minute or two It was taken about one 
hour after each of the two meals, in the morning and in the afternoon The 
pulse rates were counted from the second hand of a watch Repetition of the 
performance gave a more than fair degree of accuracy 

*From the Nelson Morris Fund and the Nelson Morris Institute for Medical 
Research of the Michael Reese Hospital, and the Department of Physiology of 
the University of Chicago 

*This work was conducted m part under a grant from the Douglas Smith 
Foundation for Medical Research of the University of Chicago 

* Read before the American Physiological Society, Ann Arbor, Mich , April 
13, 1928 

1 Rohrig, A Ueber den Einfluss der Galle auf die Hertz Tatigkeit Arch d 
Heilk 4 385, 1865 
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Electrocardiograms were made of the puppies from three of the litters before 
and after jaundice was produced In one litter they were made almost daily for 
the first ten or twelve days following obstruction , subsequently, the interval varied 
between three and ten days In the second litter, the intervals between tracings 
were from three to twenty days The effects of atropine were noted in a third 
litter 

Blood calcium determiaitons ' were made on all the puppies at ten to fourteen 
day intervals The weight of the animals were recorded every three days 

Twice a day, the animals were given a well balanced diet consisting chiefly 
of meat, bread, dog biscuit, cooked vegetables and milk Two litters were kept m 
3-foot square cages The other puppies were allowed to run free in a room The 
animals that developed mange or apparent postoperative infections were excluded 
from the series 

In another group of experiments on decerebrated frogs, simultaneous kymo- 
graphic and electrocardiographic tracings were made of the suspended heart, in 
which were noted the effects of the sudden release of bile from the gallbladder after 
its incision As bile did not prove to be an acute peritoneal irritant to the frog, 
it was usually allowed to spill into the peritoneum In another set of experiments, 
the common bile duct of the frog was ligated and divided under ether anesthesia, 
and the abdominal wall was subsequently sewed up From one to ten days later 
after the animal was decerebrated, kymographic tracings were made of the 
suspended heart The hooked projections of an ordinary burr were used to 
attach the heart to the lever 

RESULTS 

A marked slowing of the heart action occurred m all the puppies soon 
after jaundice was produced by ligation and division of the common 
bile duct By the second or third day, in almost every instance, the 
heart rate was slowed between thirty and fifty beats or more per minute 
Bradycardia m the adult jaundiced animal, however, was not encoun- 
tered in any instance 

In the puppy, the most acute slowing of the heart rate usually 
occurred during the first five days after obstruction The pulse rate 
became progressively slower from this time to the twentieth or thirtieth 
day, when it usually reached its lowermost level After this, there was 
an acceleration of the heart, the acuteness of which almost paralleled 
that of the slowing seen in the initial stage of the obstruction In the 
plotted curve (fig 1) of the mean pulse rate, a series of rather acute 
rising peaks, with a tendency toward mci eased heart rate, are noted 
immediately following the initial bradycardia This period I have 
designated as one of lelative tachycardia, although the heart lates were 
considerably slower than those of the nonjaundiced control litter mates 
It extended roughly from the twentieth to the sixtieth day of obstruc- 
tion Afterward the heart rate of the icteric animal overtook that of 
the control litter mate, on which operation was not performed , the rate 

2 Kramer, B , and Tisdall, F F A Clinical Method for the Quantitative 
Determinations of Calcium and Magnesium in Small Amounts of Serums and 
Plasma, Bull Johns Hopkins Hosp 32 44 (Feb ) 1921 
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of the control animal had become slower as the result of age and 
growth Throughout the lemainmg period of obstiuction, the heart 
of the jaundiced animal, although it tended to become somewhat slower, 
continued to beat moie rapidly than that of the non jaundiced one 
The last period was, theiefore, designated one of absolute tachycardia 

The trend of the heart rate of puppies subjected to ligation and 
division of the common bile duct was such, theiefore, as may be con- 
veniently divided into three penods (1) one of a marked initial 
bradycardia, (2) that of relative tachycardia and (3) that of an 
absolute tachycardia 

During the first ten days or more of obstruction, the activity of 
the animal operated on was but slightly diminished as compared to that 
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Fig 1 — Plotted curve showing the characteristic trend of the heart rate of 
puppies subjected to ligation and division of the common bile ducts The shaded 
area represents the trend of the heart rate of the nonjaundiced control litter mates 
The ordinates represent heart rate, the abscissas, days after the induction of 
jaundice 

of the control litter mate on which operation was not performed For 
this short period, it seemed none the worse off Following this, there 
was a progressive decline m its vigor and strength , it was less active, 
less playful and possibly more combative than its control litter mate 
Marked nutritional disturbances were evident, and the animal became 
pot-bellied or developed an ascites Slight dyspnea was usually present 
during this second period m which a relative tachycardia was noted 
During the third period of obstruction, and at the time an absolute 
tachycardia was present, the animal levealed cretinoid or rachitic 
characters, showed a central depiession and eventually become cachectic 
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Its appetite, however, often remained quite voracious although there 
were short intervals of marked anorexia Marked dyspnea was present, 
even m the absence of effusions into the peritoneum, although these 
effusions may aggravate this symptom 

Respiratory variations of the heart rate were present in the normal 
puppy when the heart was not beating excessively fast The electro- 
cardiogram revealed their presence at rates of 200 or more per minute 
When the heart rate was 170 or less, it was usually detected with ease 
by the auscultatory method All manner of stimuli, slight movements 
of the body and slight respiratory irregularities occasioned abrupt 
transitions m the heart rate of the normal puppy It sometimes suddenly 
advanced from 150 to 250 beats per minute Readjustment with removal 
of the stimulus, whatever it might be, was quick The heart was excep- 
tionally labile and responsive Marked activity on the part of the 
jaundiced puppy during the first period of obstruction was also followed 
by an increase m the heart rate that approximated that observed for the 
nonjaundiced animal The tachycardia was usually not so marked, 
and it is my impression that the transition was not so rapid Since 
bradycardia was established at the time of the obstruction, the differences 
between the minimal and maximal heart rates were, therefore, greater 
in the jaundiced animal Slight respiratory irregularities in this animal 
did not so readily upset the established rhythm of the heart, and despite 
the wider range over which the heart rate of the jaundiced pup might 
vary in the initial obstructive period, a tendency toward fixation of the 
rate was noted After thirty days or more of obstruction, the infre- 
quency with which respiratory variations of the heart occurred, so 
readily noted in the animals on which operation was not performed, 
became more noticeable In the later periods of obstruction, the observa- 
tion of a comparatively much more regular heart and of a rhythm much 
less influenced by respiration was even more evident 

Gross irregularities of the heart yrere not detected at any time dur- 
ing the period of obstructive jaundice, nor did the electrocardiograph 
reveal them 

A study of the heart rate of the adult animal revealed the absence 
of slowing at any time during the obstruction A slight acceleration 
of the pulse rate was usually present The animal lived a relatively 
much shorter time after the induction of jaundice, the tissues became 
more deeply bile stained and the intoxication seemed more severe While 
ascites was a common complication it occurred earlier, and autopsy dis- 
closed it almost invariably associated with a perihepatitis and a chronic 
exudative peritonitis, of which the animal usually died In spite of the 
marked ascites often encountered, the symptoms of dyspnea were incon- 
spicuous or absent The usual respiratory variations of the heart were 
present at all times, and they did not appear to be exaggerated 
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Five minutes after atropine (1 mg per kilogram of body weight) 
was administered to the jaundiced and nonjaundiced litter mates, and at 
a time when a bradycaidia was established, pi actually maximum heart 
rates (fiom 280 to 300) weie obtained in both groups The highest 
rate was noted in one of the jaundiced animals 

The blood serum calcium in puppies with obstiuctive jaundice fell 
piogressively to about two-thirds the noimal values before death 3 



Fig 2 — A, control curve, lead I, rate 210 B, curve made four days after obstruction, lead I, rate 145, 
low voltage Right predominance and slight sinus arrhythmia 



I Fig 3 A, control curve, lead I, rate 217 B, curve made thirteen days after obstruction, lead X; rate 140 
| Slight sinus arrhythmia 


THE ELECTROCARDIOGRAM 

Typical examples of slowing of the heart rate are seen in figures 
2 and 3 

The most frequent abnoimality encountered in the electrocardiogiams 
of two litters of puppies comprising eleven animals was an inversion 
of the T-wave (fig 4) The two control animals showed a transient 
negativity in the first and third leads, respectively Of the nine animals 

3 Buchbmder, W C , and Kern, Ruth R Experimental Obstructive Jaundice 
I Growth Factor in Defective Calcification, Arch Int Med 40 900 (Dec ) 1927 
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in which jaundice was produced, six developed negativity, although the 
T-wave had been upright m all the conti ol tracings except one m which 
it was diphasic m the first lead In two animals, the T-wave became 
inverted m all leads , m another, negativity was displayed m the second 
and third leads The fourth animal which had a diphasic T-wave in the 
first lead of the control tracing developed an im ersion in this lead with 
diphasic T-waves in the second and third leads The remaining two 
puppies of the operated series developed a T-wave negativity in the 



l 4 — Curve made 108 days after ligation and division of the common bile duct, showing mversic 
; wall ledges Average rate in all leads, 171 There is not any variation in the PR interval m 
' , in lead I it is 0 01 seconds , 



: 5 — Curve taken ten dajs after tht induction of jaundice, showing a transient dislocation of the pa< 


first and third leads, respectively The two control dogs in which 
jaundice was produced after their litter mates were dead also developed 
a negatn lty in the first and third leads, respectively, although the T-wave 
had been upright during the 100 days or more during which they served 
as controls The latter were studied for but a short time after the 
induction of jaundice Including the three animals m which a diphasic 
T-wave was noted m one of the leads, negativity was observed in eight 
of the eleven puppies subjected to ligation and division of the common 
bile duct 
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The tune at which negativity was disclosed after this opeiation was 
variable, and ranged between the thud and sixty-fifth day Two points, 
however, are woithy of mention (1) Negativity was transient m 
most cases and it was not a peimanent featuie for any length of time 
except in a few instances Even in those instances m which it may 
have been noted in seveial successive tiacmgs, at the time of death the 
T-wave was upright (2) T-wave negativity developed early (in from 
three to ten days) after the ligation and division of the common bile 
duct in nearly half the numbei of animals studied electiocardiogiaphi- 
cally, and at some time pnor to that when they evidenced caidiac 
emban assment and damage, in the tachycaidia, dyspnea and muffling of 
the heait tones 

The electi ocai diogi am does not reveal in any instance a pi olongation 
of the PR intei val Aberrant QRS complexes weie not observed, and 
the time occupied by them was not lengthened Tiansient dislocation 
of the pacemaker was encounteied in one animal ten days after the 
induction of jaundice (fig 5) Although moie than half the numbei 
of jaundiced puppies developed ascites, tiansient light ventricular pie- 
pondeiance was found in only one instance 

REFLEXES FROM THE GALLBLADDER TO THE HEART IN THE FROG 

Incision into and release of bile fiom the gallbladder of the deceie- 
brated frog pioduced almost mvanably a sudden marked slowing of the 
heart rate, with a maikedly mci eased foice of the beats It was possible 
to prolong this action over a penod of fifteen minutes oi moie, befoie 
the normal rhythm was i eestablished Typical leflexes following this 
operation are shown in figtire 6 Destruction of the medulla, decapita- 
tion or atropimzation prevented the leflex or abolished it at once 
Simultaneous electrocardiogi aphic and kymogiaphic tiacmgs revealed 
some striking changes Apart from the maiked slowing due to sinus 
block (fig 7 ) a sudden invasion of the T-wave was frequently seen 
(fig 8) Acute distention of the gallbladder or cannulated common 
bile duct also pioduced a similar leflex, but usually of shorter duration 
Marked distention of the gallbladder occuired m flogs which had had 
their common ducts ligated and divided for seveial days In these 
frogs, spontaneous airhythmias and sudden halving of the late weie 
frequently observed 

COMMENT 

Theie has been a common understanding for many decades that a 
slow pulse rate is one of the usual accompaniments of obstiuctive jaun- 
dice, and m most modem textbooks of medicine one finds much, and 
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perhaps undue prominence given this symptom (Osier and McCrae , 4 
Elliott , 0 Porter , 6 Allbutt , 7 Rolleston 8 and Umber °) A perusal of the 
literature, however, reveals important exceptions Mackenzie 10 had 
never seen this symptom, although he had looked for it Vaquez 11 
stated that if a slowing of the heart occurs it is scarcely appreciable, 
in the experience of McVicar and Fitts , 12 bradycardia m jaundice 
“proved almost a myth ” Wmdle 13 noted that m the vast majority of 
cases of obstructive jaundice the frequency of the heart was about or 
above the normal, but that catarrhal jaundice in young people was com- 
monly associated with a slow pulse late The observations I have made 
on dogs are m harmony with those of Wmdle 

In the large literature dealing with the cardiovascular effects follow- 
ing the injection of bile constituents or whole bile, there is the strong 
evidence that the vagus plays some role in the slowing of the heart rate 
To assume that a similar mechanism is operating m the intact, unanes- 
thetized animal in which jaundice has been induced by ligation of the 
bile duct would be gratuitous Granted, even, that they are similar, 
the basic experimental conditions are of a different nature, for in the 
former a state of jaundice, which implies a discoloration of the skin and 
mucous membranes, is not present Moreover, such mechanical factors 
as may arise from acutely or chronically distended bile passages are 
necessarily obviated in the first type of experiment It was customary 
m the past to attribute most forms of slowing of the heart rate to a vagus 
action, and in this respect jaundice does not form an exception In 
view of the fact that the factor of age is definitely known to influence 

4 Osier and McCrae Modern Medicine, Philadelphia, Lea & Febiger, 1926 

5 Elliott, C A, in Tice, Frederick Practice of Medicine, Hagerstown, 
Md , W F Prior Company, 1925, vol 7, p 227 

6 Porter, L A , in Ab, I A Pediatrics, Philadelphia, W B Saunders 
Company, 1924, vol 3, p 645 

7 Allbutt, C A A System of Medicine, London, The Macmillan Company, 
1909, vol 6 

8 Rolleston, H Diseases of the Liver, Gall Bladder and Bile Ducts, London, 
the Macmillan Company, 1912, p 543 

9 Umber, F Erkrankungen der Leber und der Gallenwege, ITandbuch der 
Inneren Medizin, Berlin, Julius Springer, 1918, p 23 

10 Mackenzie, J A Study of the Pulse, London, The Macmillan Company, 
1902, Diseases of the Heart, London, Oxford Medical Publications, 1921 

11 Vaquez, H Diseases of the Heart, trans by G F Laidlow, Philadelphia, 
W B Saunders Company, 1924 

12 McVicar, C S , and Fitts, W T Clinical Aspects of Jaundice, JAMA 
89 2018 (Dec ) 1927 

13 Wmdle, J D The Heart’s Action m Jaundice, Brit M J 1 123 (Jan ) 
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the frequency of certain phenomena which have a vagal origin , 14 the 
observations that I have made on dogs would lend suppoit to the vagal 
hypothesis of bradycardia m jaundice 

Apart from such indirect evidence, that furnished by the atropine 
test would indicate that m obstructive jaundice m puppies the original 
vagal tone is intensified The absence of bradycardia m the adult dog 
could be explained on the basis of a less sensitive vegetative nervous 
system The absence of any gross irregulaiity of the heart rate at the 
time of the slowing in puppies need not preclude a vagus action , Lewis 15 
pointed out that the criterion of irregularity, although valuable, may 
not be absolute It is conceivable also that the absence of respiratory 
variation of the heart rate may be due to increased vagal tone, since this 
form of arrhythmia may be regarded as evidence of an insignificant 
instability of tonic nerve action An exaggeration of this phenomenon 
would more easily fit in with the accorded explanation A selective 
action of one of the bile constituents on the smus part of the genetic 
system is possible, but such is not afforded by the electrocardiogram 
The PR interval was not prolonged m any case, and a change in the 
configuration of the P-wave was encountered in only one instance 
While the inversion of the T-wave of the electrocardiogram obtained 
in frog experiments appeared to have a vagal origin, that noted in the 
puppies cannot so readily be conceded to have such a derivation In the 
frogs, the electrodes were placed on the basal and apical portions of 
the heart, and Lewis, Meakins and White 16 called attention to the fact 
that one cannot be too circumspect in interpreting curves taken by direct 
leads The appearance of the invert form so early after obstruction of 
the bile ducts m half the series studied electrocardiographically, its 
transitormess and the reappearance in the electrocardiogram m the one 
animal at about the time of reestablishment of bile flow to the intestine 
suggest a functional origin, and not one due to structural change in the 
heart muscle 

14 Gilbert (Gilbert, N C The Increase of Certain Vagal Effects with 
Increased Age, Arch Int Med 31 423 [March] 1923), found that a marked 
slowing of the heart rate could most readily be produced in adults, especially in 
the sixth decade, and noted the infrequency of its occurrence m youthful subjects 
Hering (Hering, H E Die Karotissinusreflexe auf Herz und Gefasse vom 
normal-physiologischen, pathologisch-physiologischen und Klimschen Standpunkt, 
Dresden and Leipzig, Theodore Stemkopff, 1927), however, pointed out that the 
vagus trunks m the neck are resistant to mechanical stimulation and that this 
reflex is due to a specific reflex TJie focus for the sensory nerve distribution is 
what Hering calls the “carotid sinus ” 

15 Lewis, Thomas The Mechanism and Graphic Registration of the Heart 
Beat, London, Shaw & Sons, 1925, p 433 

16 Lewis, T , Meakins, J , and White, P D , The Excitatory Process in the 
Dogs’s Heart I The Auricles, Phil T Roy Soc , London 205 375, 1914 
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The mechanical factor pioduced by acute and even moie chronic 
distentions of the mtiahepatic and extiahepatic ducts, paiticularly the 
sudden changes of mtiaductal piessuie, have, up to the present, not 
received any consideration as a cause foi the biadycardia m jaundice 
I am of the opinion that this factor and possible mjuiy of the liver 
produced m obstruction but particularly the foimer may play an exceed- 
ingly impoitant idle in furnishing a focus for the sensory nerve distribu- 
tion of a pait of the specific leflex, and acting through the vagus Not 
only may such mechanism be contnbutive m initiating 01 maintaining a 
slowing of the heait late in obstructive jaundice, but it may also be 
operating m the abnoimal lhythms accompanying ceitam cases of chole- 
lithiasis without frank jaundice Stiaus and Hamburger 17 studied a 
group of the lattei type of cases with the electrocardiogram 

In then studies of the visceial sensoiy nervous systems, Carlson and 
Luckhaidt 18 did not leadily obtain cardiac standstill in the frog by 
means of electrical or mechanical stimulation They noted the complete 
and almost instantaneous inhibition following the mere touching of the 
urinary bladdei and small intestine Shei nngton 19 pointed out that the 
mam function of the leceptor is to lowei the thieshold of excitability of 
the arc for one land of stimulus and to heighten it for others “It is 
necessary that the mechanical stimulation be adequate, and to be adequate 
it must be of a certain land ” The cardiac reflexes which I provoked m 
the frog by producing sudden changes in the mtiaductal pressure, fol- 
lowing the release of bile after incision of the gallbladder, appear to be 
analogous to the vascular reflexes which Shei i ington 20 strikingly pro- 
voked by mechanical distention tiansiently pioduced by the injection of 
a few cubic centimeters of saline solution into the bile ducts This 
regularly evokes a marked rise of arterial pressure Also, the early 
bradycardia that I noted in puppies, following the ligation of the common 
duct, could be explained on a similar basis, in light of the recent investi- 
gations of Bollman, Sheard and Mann , 21 who showed an almost imme- 
diate maximal intraductal pressure after ligation of the common duct 

17 Straus, D C , and Hamburger, W W The Significance of Cardiac 
Irregularities in Reference to the Operability of Cases of Cholelithiasis, Cholecysti- 
tis, and Duodenal Ulcer, J A M A 82 706 (March) 1924 

18 Carlson, A J , and Luckhardt, A B Studies of the Visceral Sensory 
Nervous System V Cardiac and Vasomotor Reflexes Induced by Visceral 
Stimulation m Amphibia and Reptiha, Am J Physiol 55 31 (Feb ) 1921 

19 Sherrington, C S Integrative Action of the Central Nervous System, 
New York, Charles Scribner’s Sons, 1906, p 12 

20 Sherrington, C S On the Spinal Animal, Marshall Hall Prize Address 
Med -Chir Tr , 1899, vol 82 

21 Bollman, J L , Sheard, C, and Mann, F C An Experimental Study 

of Obstructive Jaundice with Particular Reference to the Initial Bilirubinemia - 
Am J Physiol 80 461 (April) 1927 ’ 
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The same authors also demonstrated an early functional mcapacit) of 
the hepatic cells in the transference of bile pigment from the vascular 
capillaries into the bile capillaries One must, therefore, also consider 
injury of the liver in jaundice as a possible cause for the slowing of the 
heart rate 

The early necrosis of hepatic cells after obstruction of the common 
duct was emphasized by Ogato 22 Fmsterer 23 called attention to the 
symptom bradycardia as being almost pathognomonic of injury to the 
liver This problem, carried by him into the laboratory, yielded fruitful 
results He found that bradycardia could most readily be produced by 
experimental lesions of the liver, m contrast to the acceleration lm an ably 
noted after contusions of the intestines, spleen and other viscera He 
further noted that the bradycardia was not modified by atropine or sec- 
tion of the vagi Recently, Ricciuti 2i reported on clinical bradycardia 
with lesions of the liver due to contusion, bradycardia was particularly 
marked in two cases of gunshot wounds of the liver Straus 25 also 
noted bradycardia in clinical cases of contusion of the liver, but was 
unable to get anything like uniformly positive results m his experimental 
work on dogs (unpublished) 

Pearcy and Howard 26 arrived at the conclusion that cardiac reflexes 
provoked by mechanical stimulation of abdominal viscera (and this 
included the mechanical distention of the gallbladder) must be of sympa- 
thetic origin They noted that an extrasystolic arrhythmia was obtained 
equally well whether or not the vagi were intact , and that when the vagi 
were intact and the cord was cut “so as to eliminate the sympathetic 
system from participating m the reflex, the irregularities were never 
observed ” My objections to such conclusions are as follows In the 
first place, transection of the cord (the authors did not mention the site 
of transection, which is important, but I suppose it is at a high level) 
profoundly alters not only the cardiac but every other physiologic 
mechanism The fact that reflex responses do not occur over the vagi 
after this procedure is not by any means indisputable proof that they 
may not occur in the intact animal The experimental animals used 

22 Ogato, T Beitrage zur experimented erzugten Lebercirrhose und zur 
Pathogenese des Ikterus mit spezieller Berucksichtigung der Gallenkapillaren bei 
der Unterbmdung des Ductus cholesdochus unter der Ikterogenvergiftung, Beitr 
z path Anat u z allg Pathol 55 236, 1913 

23 Fmsterer, H Ueber Leber\erletzungen, Deutsche Ztschr f Chir 118 1, 
1913 

24 Ricciuti, G Bradicardia in ferite e lesione contusne del fegato, Polichnico 
(sez chir ) 34 229 (Maj ) 1927 

25 Straus, D C Personal communication to the author 

26 Pearcy, J F, and Howard, H Studies on the Visceral Sensory Nenous 
Sjstem XVIII Reflexes from the Peritoneal Viscera to the Heart, Am Heart J 
2 530 (June) 1927 
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by Peaicy and Howard not only were tieated with barbital, but weie 
given sufficient doses of barium chlonde, which of itself piovoked 
extrasj^stoles befoie mechanical stimulation was begun Lastly, they 
provoked not a tachycaidia which would constitute a typical sympathetic 
1 esponse but an extiasystolic arihythmia winch is pioduced caprieiousl) , 
and only with the gieatest difficulty by sympathetic stimulation 

Theie has been almost unanimity of opinion that some central 
depression occuis in obstiuctive jaundice 1 27 attnbuted the amehoia- 
tion of the symptoms of tetany and the delay m then appeal ance m 
the parathyi oidectonuzed animal which had been jaundiced foi some 
time previously to central depiession Woiking more lecently with 
picrotoxm, a violent medullaiy stimulant, X was not able to note any 
appieciable differences m the time of appeaiance oi in the pattern of the 
pieconvulsive and convulsive seizures in the jaundized and nonjaundiced 
dog, although the diug was admuusteied to the foimei when there 
appealed to be depiession The question of depiession of cai diovasculai 
function has also been laised, and it has been customary to attribute to 
it not only the slowing of the heait rate, but also the slowei lespuations 
When biadycaidia occuis in the puppy shoitly aftei the induction of 
jaundice, theie is but little change m the activity and beliavioi of the 
animal Even when the animal becomes apathetic and inactive and 
shows depression, at least in spuits, biadycaidia does not exist, and 
theie is an acceleiation of the heart At this time, theie appear to be 
definite evidences of caichac failure which aie manifested m the tachy- 
caidia, the piesence of muimurs and the dyspnea which may occui 
independently of ascites From such observations one should be 
unwilling to subscube to the prevalent \iew that biadycardia occui l mg 
in jaundice is due to cential depression 

Mention should also be made of the distuibances of the calcium 
metabolism that anse in obstiuctne jaundice, and of possible caidiac 
effects lesultmg from changes m the ionic equihbna of the blood and 
tissues I have called attention to the maiked deciease m the blood 
seium calcium m the jaundiced puppy King, Bigelow and Peaice 2S 
suggested that so far as their quantitative studies of the calcium 
balance in obstiuctive jaundice show a marked loss ot this substance 
fiom the heait muscle, the slowing of the heait late in jaundice may be 
due to the lemoval of the stimulating foice fiom this oigan The special 

27 Buchbmder, W C, and Kern, R Experimental Obstructive Jaundice II 
A Modification of the Tetany Mechanism in Jaundice, Arch Int Med 41 754 
(May) 1928 

28 King, J H, Bigelow, J E, and Pearce, L Experimental Obstructs e 
Jaundice, J Exper Med 14 159, 1911 
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affinity which the heart discloses for calcium 29 in hypercalcennc states, 
following the use of Colhp’s extract, makes the question of a possible 
loss of calcium fiom the heart in jaundiced states a mooted one It is to 
be noted that the initial marked bradycardia is not associated with any 
quantitative change in the blood seium calcium The first evidence of 
the latter’s decrease is concomitant with a relative tachycaidia If it 
is correct that at this time there is a loss of calcium from the heart 
muscle, I believe that any possible effects of such would be ovei shadowed 
by a direct poisoning of the heart muscle Since the adult jaundiced 
dog does not manifest any significant change in the heait rate, and dis- 
closes a normally constant blood serum calcium, the question remains of 
great interest 

Finally, a brief consideration of the possible mechanisms involved 
in the production of the characteristic trend of the heart rate m jaun- 
diced puppies must not be omitted I have meiely attempted to offer 
a plausible and convenient explanation to fit the facts It is believed 
that the slowing of the heart rate in jaundiced puppies is a specific leflex 
through the vagus, and that the mechanically distended mtrahepatic and 
extrahepatic ducts serve as a focus for visceral stimulation The reflex 
slowing is unimpeded during the first five or ten days by any of the 
metabolites arising as a result of the obstruction The query raised by 
Carlson 30 whether the persistence of an abnormal reflex for so long a 
time would be unusual constitutes, to my mind, the most valid objection 
to such an hypothesis The second period, that of relative tachycardia, 
represents the first poisoning effects of bile (presumably the bile salts) 
on the heart The acceleration, however, is more than counterbalanced 
by the heart slowing mechanism suggested previously, and the heart rate 
during a considerable period of the jaundice remains slower than m the 
normal animal The third period of absolute t?chycardia represents a 
direct marked poisoning of the heart muscle by metabolites, and this is 
associated with a depression and toxemia 

SUMMARY 

The trend of the heart rate of puppies subjected to ligation and 
division of the common bile duct is such as may be conveniently divided 
into three periods (1) one of an initial marked bradycardia, (2) one 
of relative tachycardia and (3) one of absolute tachycardia 

An inconspicuous, or absent respiratory variation of the heart rate is 
noted m the jaundiced puppy, especially in the middle oi later periods 
of obstruction 

29 Collip, J B Harvey Lectures, Baltimore, Williams & Wilkins Company, 
1925, p 142 

30 Carlson, A J Personal communication to the author 
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Inversion of the T-wave is the most common abnormality in the 
electrocardiogi am of the jaundiced puppy It is thought to have a func- 
tional origin rather than one resulting fiom organic changes m the 
heart muscle 

Bradycardia does not occur in the adult dog subjected to ligation and 
division of the common bile duct A slight degree of acceleration is 
the rule The absence of bradycardia under these cncumstances is 
explained on the basis of a less sensitive vegetative nervous system 
Bradycardia in the puppy is unassociated with appaient marked 
central depression, which is characteristically piesent in the late periods 
of obstruction when acceleration is the rule 

In the decerebrated frog, there is a specific reflex from the gall- 
bladder to the heart In order to evoke it, the stimulation must be 
“adequate ” Acute changes m pressure in the bile tracts is thought to 
constitute an “adequate stimulus ” Spontaneous arrhythmias, with sud- 
den halving of the rate, frequently occur in the suspended hearts of 
frogs, which for several days have had a ligation and divsion of their 
common bile ducts 

The temptation arises to explain the initial marked bradycardia that 
occurs m jaundiced puppies on the basis of a specific reflex, the 
mechanically distended mtrahepatic and extrahepatic ducts seivmg as 
a focus for visceral sensoiy stimulation The reflex is thought to be 
through the vagus 



SECRETIN NOT A HEMATOPOIETIC 
STIMULANT * 

J T KING, MD 

MINNEAPOLIS 

The present intense interest in substances thought to have a stimu- 
lating influence on blood-forming tissues again emphasizes the need for 
a cl earl) defined set of criteria by which to judge regeneration 

The picture of a true regeneration is best seen following hemorrhage 
in the healthy animal Table 1 gives the data on two experiments m 


Table 1 — Results of Tzuo Evpci imcnts in Which the Blood Count in the Rabbit 

Was Reduced by Hemot ihage 


txperi- 





ment 


Bed 

White Reticulo- 

Number 

Date 

Blood Cells 

Blood Cells 

ejtes Experimental Procedure 

50 

2/ 9 

4,190,000 

6 850 

11 Bled 34 cc from the vein of the ear 


10 

2,590,000 

6,400 

22 


11 

2,490,000 

5,400 

74 


12 

3,130,000 

5,050 

73 


13 

2,740,000 

5,750 

144 


14 

2,980,000 

8,150 

135 


15 

2,750,000 

4,700 

166 


1G 

3,330,000 

10,250 

154 


17 

3,510,000 

6,000 

126 


18 

3,350,000 

5,500 

51 


19 

3,520,000 

7,S50 

56 


20 

3,310,000 

3,850 

62 


21 

4,200,000 

6,750 

64 


23 

4,110,000 

6,800 

26 


4/ 9 

6,450,000 

14,700 

10 

51 

2/ 9 

4,520,000 

10,450 

25 Bled 18 ec from the vein of the ear 


10 

3,570,000 

9,550 

26 


11 

3,920,000 

11,350 

74 


12 

3,570,000 

8,800 

101 


13 

3,580,000 

16,400 

84 


14 

3,379,000 

10,100 

84 


15 

4.100.000 

4.330.000 

9,650 

75 


1G 

6,600 

72 


17 

4,180,000 

9,100 

52 


IS 

4,040,000 

7,500 

50 


19 

3,950,000 

10,100 

63 


20 

4,270,000 

6,500 

5S 


21 

4,320,000 

8,600 

99 


23 

4,810,000 

51 


4/ 9 

6,370,000 

13 400 

12 

which the blood count in 

the rabbit 

was reduced by hemorrhage The 


experiments extend over the recovery period , leukocyte and reticulocyte 
counts are given The two points to be especially noted are that rise in 
red count due to regeneration is slow, and that histologic evidence of 
regeneration, as indicated by the rise in reticulocytes, is unmistakable 
Stained smears show an increase in the number of polychromatophihc 
cells, and when regeneration is active nucleated reds may appear 

As a contrast to this picture of true regeneration, with the slowly 
rising count accompanied by an increase of reticulocytes and polychro- 


* Submitted for publication, Julj 31, 1928 

* From the Department of Phi siologv, Unn ersity of Minnesota 
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matophilic cells, one may cite the lapid use m count known to follow 
the injection of such substances as histamine or tissue extracts m 
general In this case, the red count uses lapidly, reaches its maximum 
m most cases between one and two hours and then returns gradually 
to the original level The time lequned for the whole leaction is 
1 datively short, being on the aveiage fiom tlnee to four horns If 
such substances aie given intravenously, much less time is lequired . 
Table 2 gives data on an experiment in which 50 cc of secietm, an 
acid extract of intestinal mucosa, was injected intravenously into a 
dog under ether anesthesia It is seen that the count rose lapidly to a 
maximum and then leturned promptly to noimal This rapid rise and 
fall m led count, unaccompanied by any histologic signs of regeneiation 
such as increase m reticulocytes or polychromatophihc cells, is char- 


Table 2 — Results of an Injection of 50 cc of Scci din Into a Dog Undo 

Ethci Anesthesia 


Time, P M 

Red Blood Cells 

Remarks 

.3 20 

7,030,000 

Ether anesthesia started at 3 p m Initial 

3 30 

G, 620,000 

high count probably due to struggle during 

4 OS 

G, 5-10, 000 

induction of nnesthesia 

4 11 

6,550,000 


4 27 to 4 33 


50 cc secretin 

4 40 

6,480,000 


4 43 

7,440,000 


4 50 

7.GSO.OOO 


5 03 

7,300,000 


5 17 

7,030,000 


5 28 

6,550,000 


5 38 

6,030,000 


5 40 


Killed bj cholorform 


actenstic of the reaction to tissue extiacts The explanation of the 
increase in count is not that new cells are pi oduced, but that the blood is 
temporarily concentrated owing to the escape of plasma from the vascu- 
lar system The evidence on this pi oblem will be presented 

In this study the reticulocyte count, as well as the usual smeais 
stained with Wright’s stam, was used in judging the activity of the blood- 
forming tissues The reticulocyte is seen as a led cell which contains 
a characteristic bluish substance piesent m vanable form and amount 
Only a granule or two may be seen m some cells, while others may con- 
tain a large amount of the substance in the form of a net or filaments 
This bluish substance, which is precipitated by the dye, is seen in a 
diffuse form m the ordinary blood smeai stained with Wright’s stain 
The whole cell containing it is blue This is the well known polychro- 
matophilic cell, which has been recognized for a long time as being 
piesent in mci eased numbeis whenever the blood-foimmg tissue is 
stimulated to mci eased cell production 
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REVIEW OF LITERATE RE 

The term “reticulocyte” was suggested by Krumbhaar 1 to designate 
what had been referred to as the reticulated erythrocyte At the same 
time, he suggested the term reticulosis to designate an increased number 
of reticulocytes m the peripheral blood His paper contains data on 
normal counts and variations in some experimental conditions He 
pointed out that the figures usually given for man are rather high, and 
set the normal between 0 1 and 1 per cent It was also pointed out 
that the reticulocyte count in the infant soon falls to a figure close to 
that of the adult Some data on laboratory animals are given 

In 1921, Key 2 published a work on the significance of the reticulum 
found in these cells and its relation to basophilic stippling and 
polychromatophilia The woik is comprehensive and should be read 
by any one interested m this subject 

The reticulocyte lends itself more readily to quantitative estimation 
than does the polychromatophihc cell This is due to the fact that 
variations m staining technic are not so apt to influence the reticulocyte 
count Then, too, the personal factor is not so important in the 
counting of reticulocytes, as the observer is determining the presence 
or absence of definite cell inclusions, while in the case of the polychro- 
matophilic cell, one has to decide on the basis of slight differences m 
color caused by a diffusely distributed substance It is worthy of note 
that the leticulocyte count is being accepted as the criterion of marrow 
response by the many workers who are using liver and liver extracts m 
the treatment of pernicious anemia 

T eclinic — Reticulocyte counts were made on f resh preparations The 
technic used is that given by Robertson 3 The blood is drawn into a pipet 
containing a dilute solution of brilliant cresyl blue in saline solution 
After the pipet is shaken and allowed to stand for a few minutes, a diop 
of the blood is placed on a slide, quickly covered with a thin cover and 
sealed with petrolatum The preparation is then examined with the 
oil immersion lens, and the reticulocyte count is expressed as the number 
present m 1,000 cells or in peicentage 

In a series of papers, 4 Downs and Eddy lecorded the observations 
which led them to conclude that secretin is a stimulant of blood-forming 

1 Krumbhaar, E B Reticulosis — Increased Percentage of Reticulated 

Erythrocytes in the Peripheral Blood, J Lab & Clin Med 8 11, 1922 

2 Key, J A Studies on Erythrocytes with Special Reference to Reticulum, 
Polychromatophilia and Mitochondria, Arch Int Med 28 511 (Nov ) 1921 

3 Robertson, O H The Effects of Experimental Anemia on Blood Produc- 
tion, J Exper Med 26 221, 1917 

4 Downs, A W , and Eddy, N B The Influence of Secretin on the Number 
of Ervthroyctes in the Circulating Blood, Am J Physiol 43 415, 1917, Secretin 
II Its Influence on the Number of White Corpuscles in the Circulating Bl6od, 
ibid 45 294, 1918 , Secretin III Its Mode of Action in Producing an Increase 
in the Number of Corpuscles m the Circulating Blood, ibid 46 209, 1918 
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tissue They obseived a rapid mciease in the numbei of red and white 
corpuscles m the peripheial blood of the labbit after subcutaneous 
injections of 10 mg of secretin per kilogiam of body weight The 
increase in red blood cells was about 20 pei cent, and the height of the 
reaction occurred about an hour after the injection, the count then 
returning to normal The whole reaction was complete m approximately 
three horns They believed the use in count to be due to the pioduction 
of new blood cells 

Fujimoto 5 later checked these results After the injection of 
secretin, he recorded a minimum rise of 5 pei cent and a maximum rise 
of 64 per cent, the aveiage being 25 75 pei cent The increase m wlnte 


Table 3 — Author’s Data on the Stimulating Effect of Secictin on the Blood 


Experiment 

Number 

Initial Count 

Maximum Count 

Gain 

21 

0,280,000 

0,900,000 

020,000 

22 

5,120,000 

0,920,000 

1,500,000 

23 

5,010,000 

7,150,444 

1,510,000 

21 

0,400,000 

0,920,000 

440,000 

25 

5,510,000 

O.IGO.OOO 

050,000 

26 

G, 020, 000 

0,510,000 

490,000 

27 

4,390,000 

0,430,000 

2,040,000 

28 

5.940.000 

5.270.000 

0,170,000 

1,230,000 

29 

5,110,000 

170,000 

30 

4,930,000 

5,000,000 

930,000 

31 

3,370,000 

3,030,000 

200,000 

32 

4,030,000 

4,340,000 

310,000 

33 

4,000,000 

5,430,000 

770,000 

31 

5,030,000 

5,090,000 

GG0.000 

35 

7,130,000 

7,390,000 

200,000 

30 

1,510,000 

4,040,000 

150,000 

37 

4,500,000 

5,320,000 

740,000 

38 

4,050,000 

4,020,000 

270,000 

39 

4,500,000 

5,110,000 

040,000 

40 

4,9SO,000 

5,230,000 

250,000 

41 

4.800.000 

4.850.000 

4,970,000 

170,000 

42 

4,910,000 

0,000 

Average 

5,179,090 

5,77G,3G0 

597,270 

Average gam 

Hl% 



cells varied from 3 to 96 per cent, the aveiage being 34 75 per cent 
My data on similar experiments are given m table 3 The experiments 
were included whether there was marked or little response 

Downs and Eddy’s observations on the increase in number of 
corpuscles in the peripheral blood of the rabbit following the injection 
of secretin are corroborated Their conclusion, however, that the rise 
is due to the production of new blood cells is surpnsmg in view of 
many well known facts concerning regeneration 

There is no clinical or experimental evidence which would lead one 
to believe that an increase of a million or more cells per cubic millimeter 
of peripheral blood, taking place in about an hour and then returning 

5 Fujimoto, B The Influence of Secretin on the Number of Red and White 
Corpuscles and the Ferments and Sugar Content of the Blood, Am T Phvsiol 
47 342, 1918 
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promptly to normal, could possibl} be clue to legeneration of new cells 
by the blood-forming tissues All available evidence indicates that any 
rise in blood counts due to legeneration of new cells is slow, and, 
moreover, is not followed promptly by a return to the former level 

Lamson G w ai ned against regarding 1 apid changes m blood counts 
as due to the production of new cells He said, "The fact that an increase 
of one million or more m the number of eiythiocytes per cubic milli- 
meter of blood takes place m from five to ten minutes, disappeais m 
about an hour and may be lepeated many times a day, is against the 
production of new cells, a deci eased destruction 01 division of 
eiythiocytes ” 

Scott 6 7 emphasized the changes m concentration of the blood due to 
fluid exchange between the blood and tissue spaces 

Downs and Eddy’s data show that by using mtiavenous injections 
they obtained increases as high as 40 per cent m as short a time as 
thirty-one minutes 

Hammett and Nowrey, 8 working on the erythropoietic activity of 
germanium dioxide, called attention to the fact that the use in red count 
which the} used as a ci iterion of i egeneration is not a ti ansient reaction, 
but one which persists from eleven days to five weeks This rise, more- 
over, is accompanied by other acceptable signs of regeneiation, namely, 
“many polychi omatic staining cells or young red cells ” 

Minot and Sampson 9 published a work which contains valuable 
cnticism of unwan anted deductions drawn from mci eased led counts 
by workers expei imenting with hematopoietic stimulants They pointed 
out that “merely an increase in the number of red cells in the cu culation 
is ordinarily no indication of mci eased blood foimation ” Again, 
“Man} of the red cell uses lepoited were model ate and transient and 
do not appear to have been conti oiled by a sufficient numbei of obser- 
vations pi 101 to admmistiation ” 

6 Lamson, P D The Part Plajed by the Liver in the Blood Volume and 
Red Corpuscles Concentration in Acute Physiological Conditions, J Pharmacol &. 
Exper Therap 16 125, 1920 

7 Scott, F H Factors Influencing the Interchange of Fluid Between Blood 
and Tissue Spaces I Blood Pressure, Am J Physiol 44 298, 1917 Scott, 
F H , Herrmann, E T , and Snell, A M Factors Influencing the Interchange 
of Fluid Between Blood and Tissue Spaces II Muscular Activity, Am J 
Plnsiol 44 313, 1917 

S Hammett, F S, and Nowrey, J E The Erythropoietic Action of Ger- 
manium Dioxide II The Source of the Er\ throcythemia Produced by Ger- 
manium Dioxide in the Albino Rat, J Exper Med 35 507, 1922 

9 Minot, G R , and Sampson, J J Germanium Dioxide as a Remedy for 
Anemia, Boston AI A S J 189 629, 1923 
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Braun, 30 working on blood destruction, made the following state- 
ment “But, as is well known, stimulation of marrow, even after 
considerable blood losses by hemorrhage, is not effective at once Only 
after several days does the replacement of the lost corpuscles go on 
actively ” 

The work of Whipple, Robscheit and Hooper, 11 who studied the 
effect of various procedures on regeneration after hemorrhage, empha- 
sizes the fact again that even under the best conditions the delivery of 
new cells to the circulation is a slow, gradual process “Anemia is 
produced by bleeding one fourth of the measured blood volume on each 
of two successive days This anemia will be completely repaired within 
three to four weeks if the dog is given a liberal diet of meat or beef 
heart ’* 

Table 4 is taken from Bunting’s work 12 This shows the length of 
time required to regeneiate about 1,000,000 new cells 

Table 4 — Results of Bunting’s Expenmcntal Woik 


Date 

Red Blood Cells 

Wlilte Blood Cells 

Bxperimenta] Procedure 

4/ 27 

5,410,000 

14,750 

Bled 30 cc from the vein of the ear 

4/2S 

4,730,000 

12,250 


29 

4,901,000 

17,250 


5/ 1 

4,700,000 

19,000 


3 

5 30S.OOO 

9,125 


7 

5,752,000 

13,000 



Table 1 gives some data I obtained by the production m rabbits 
of various degrees of hemoirhage 

It is obvious that such rapid and transient rises in count as were 
observed by Downs and Eddy must be explained on some basis other 
than the production of new blood cells One has only to consider the 
well known facts concerning the so-called solutions of secretin used to 
be convinced that the rises they observed were due to a concentration 
of the blood, and, furthermore, that such concentration was due not to 
the secretin contained in the solution, but to some of the many other 
substances inevitably present m such a tissue extract 

The tissue extract containing secietm is prepared as follows 

The upper part of the small intestine of the dog is washed , the mucous mem- 
brane is removed and ground up with sand Fifty cc of 0 5 per cent hydrochloric 
acid is then added, after standing for two hours, the mixture is boiled actively 

10 Braun, G O Blood Destruction During Exercise II Demonstration 
of the Blood Destruction in Animals Exercised After Prolonged Confinement 
J Exper Med 37 113, 1923 

11 Whipple, G H , Robscheit, F S, and Hooper, C W Blood Regeneration 
m Simple Anemia IV Influence of Meat, Liver and Various Extractives, Alone 
or Combined with Standard Diets, Am J Physiol 53 236, 1920 

12 Bunting, C H Experimental Anemias in the Rabbit, T Exner Med 

8 62S, 1906 1 
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After it has been neutralized with sodium hydroxide and reacidified with acetic 
acid, it is strained through muslin and filtered The resulting fluid is usually 
described as yellowish or greenish yellow and slightly opalescent 

Carlson, Lebensohn and Pearhnan 13 slated “In a maceration of 
duodenojejunal mucosa such as we have in secretin, the known sub- 
stances are proteoses and peptones, acid aimns, bile salts, beta-imidazol- 
eth)lamm (histamine), cholme, gelatin and inorganic salts” 

Earl) m the experimental work with rabbits it was noted that there 
was a leaction which varied considerably with different animals and 
different doses At times the animals appeared dyspneic, at times 
there was uneasiness which passed off and might even be followed by 
apathy, and occasionally salivation was noted 

Dogs wei e used in order to check the stienglh of the secretin A 
cannula was placed in the pancreatic duct, and the drops of pancreatic 
juice were recorded by an electnc drop lecoidei Tracings of the blood 
pressure were taken simultaneousl} The secietm solutions were given 
intravenously Doses of sufficient size to stimulate the pancreas to any 
extent had a marked lowering effect on the blood pressure Immedi- 
ately following injection, there was unusually violent peristalsis and 
frequently breathing was rapid foi a time If moie than 10 cc of the 
solution was injected quickly, especially if it was the first injection, 
the animals frequently died at once Death was apparently due to 
caidiac failuie When the thoiax was opened and the heait was 
examined, the ventricles were found to be in a state of violent fibril- 
lation, which at times also involved the auricles 

Even these simple observations serve to show that one is dealing 
with some potent substance or substances One quickly surmises that 
the hormone secietm is not responsible for these unusual physiologic 
effects In fact, it is a simple mattei to prove this point If 25 cc of 
5 pei cent hydiochloric acid is injected into the duodenum, a comparable 
flow'- of panel eatic juice is obtained without the appearance of any of 
the phenomena mentioned 

It is probable that much more of the hormone secretin is liberated 
in the ordmaiy process of digestion than was administered by Downs 
and Edd) Yet theie is no reason to believe that the blood-foimmg 
tissues aie stimulated to such an extent that the red count rises 20 per 
cent owung to the secretin libeiated dui mg digestion Furthermore, 
Matsuo 15 stated that “secretin administered subcutaneously, even m 
large quantities, is practically w ithout effect ” Carlson, Lebensohn and 
Pearlman 13 stated that the hormone must be gn en intravenously to be 

13 Carlson, A J , Lebensohn, J E , and Pearlman, S J Has Secretin a 
Therapeutic Value 7 J A M A 66 178 (Jan 15) 1916 

14 Matsuo, I On the Secretion of Pancreatic Juice, J Phvsiol 45 447, 1913 
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effective One can only conclude that the hormone, secretin, contained 
m the tissue extiact used subcutaneously, did not play any part m the 
changes noted by Downs and Eddy 

It is necessary at this point to consider ,the facts known concerning 
the physiologic effects of the tissue extract containing secretin m order 
to explain the nature of the increased counts observed by Downs and 
Eddy In the foregoing it was stated that such an extract contains 
proteoses, peptones, acid amines, bile salts, histamine, cholme, gelatin 
and inorganic salts 

Histamine was studied by Dale and Laidlaw 15 in 1910 They made 
the following statement 

Mention may be made at this point of the fact that preparations such as 
Witte’s peptone and various organ extracts, resemble beta-immazolylethylamme 
(histamine) in their action on the uterus as well as m other respects Figure 18 
shows the effect on the isolated uterus of a virgin gumea-pig of adding to the 
bath 0 1 Gm of Witte’s peptone dissolved in warm Ringer’s solution The effect 
is indistinguishable from that of 0 1 mg of iminazolylethylamine Five-tenths cc 
of an extract of intestinal mucosa (containing also secretin) had a precisely similar 
effect 

r 

Barger and Dale 10 reported the isolation of histamine from intestinal 
mucosa in an article entitled, “Beta-immazolylethylamme, A Depressor 
Constituent of Intestinal Mucosa ” They also noted that histamine 
increased the flow of lymph from the thoiacic duct 

It has been noted by others that tissue extiacts (containing also 
secretin) cause increased flow of lymph fiom the thoracic duct Mendel 
and Thacher 17 found that “the injection thus gave rise to an increased 
flow of lymph somewhat richer m solids — a feature characteristic of 
the action of ceitam lymphagogues ” 

Bambndge 18 also reported the mciease m flow of lymph but was 
inclined to believe that it was due to the activity of the panel eas and, 
therefore, to secretin itself lather than to contaminating substances 
He stated, however, that ileum extract (which presumably does not 
contain secretin) also causes the increased flow if the portal lymphatics 
are not ligated In a later work 19 on the flow of lymph observed in 
dogs post mortem, the same author stated, “The postmortem lymph 

15 Dale, H H, and Laidlaw, P P The Physiological Action of |3- Iminazo- 
lylethylamine, J Physiol 41 318, 1910 

16 Barger, G , and Dale, H H /3-Iminazolylethylamme, a Depressor Con- 
stituent of Intestinal Mucosa, J Physiol 41 499, 1911 

17 Mendel, L B , and Thacher, H C On Secretin and Lymph Flow, Am J 
Physiol 9 16, 1903 

18 Bainbridge, F A The Lymph Flow from the Pancreas, Brit M T 2 
1742, 1904 

19 Bainbridge, F A The Postmortem Lymph Flow, J Physiol 34 275, 1906 



770 


ARCHIVES OF INTERNAL MEDICINE 


flow after the injection of peptone is due either to filtration through 
abnormally permeable capillaries or to increased metabolism m the livei, 
the former view being the more probable ” 

Underhill and Ringer 20 stated 

It has long been known that the intravenous injection of “Witte Pepton” 
induces low blood pressure and a shock-like condition, which are accompanied by 
changes in the blood coagulation and an increased flow of ljmph It may 

be assumed that the direct cause of the blood concentration is the exit of fluid from 
the capillaries into the surrounding tissues which would account probably for the 
accelerated lymph flow Dale and his collaborators have shown that with 

histamine there is a capillary damage due to the drug and the fall of pressure due 
to histamine is without effect per se It is probable that peptone m itself 

changes the permeability of the capillaries in a manner analogous to that of 
histamine 

The data of these authors show that with both histamine and peptone 
there is considerable concentration of the blood which vanes in degree 
and time relations with the dose used and the rapidity of injection 
W ith peptone alone, the hemoglobin content may nse nearly 40 per cent 
The usual rise was between 20 and 30 per cent The injection of 
0 5 Gm per kilogram of deuteroproteoses caused a similar concentration 
Histamine, likewise, causes a concentration which reaches a maximum 
more quickly and returns to normal more quickly 

The same authors, in another article, 21 reported their observations 
on “V aughn’s crude soluble poison ” They found that it concentrated 
the blood in a manner somewhat similar to histamine They noted the 
striking resemblances between the physiologic actions produced by this 
substance or substances and those produced by histamine 

Table 2 shows the results of the injection of an ordinary secretin 
solution intravenously into a dog 

The foregoing statements will serve to call attention to the marked 
similarity m the physiologic reaction caused by such substances as hista- 
mine, peptone and proteoses and such a tissue extract as the so-called 
secretin, which is a mixture of all these and more The common 
response to such substances is a concentration of the blood Usually, 
an increased flow of lymph is also noted The concensus of opinion 
indicates that a change m capillary permeability is the essential factor 
m this reaction 

One may summarize at this point by stating that the rapid and 
transient rise in blood count udiich Downs and Eddy observed to 

20 Underhill, F P , and Ringer, M Studies on the Physiological Action of 
Some Protein Dematnes V The Relation of Blood Concentration to Peptone 
Shock, J Pharmocol & Exper Therap 19 163, 1922 

21 Underhill, F P , and Ringer, M Studies on the Physiological Action of 
Some Protein Dematnes VI The Influence on Blood Concentration of 
Vaughn’s Crude Soluble Poison, J Pharmacol & Exper Therap 19 179, 1922 
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follow injection (subcutaneous) of secretin is not characteristic of 
regeneration but is of the type known to occur after the administration 
of such substances as histamine, peptones and proteoses The solutions 
used by Downs and Eddy are known to contain these and other sub- 
stances As the hormone secretin is not effective when given subcu- 
taneously, one must assume that the concentration observed was caused 
by one or more of the other substances 

Thus fai, attention has been confined to the first two papers by 
Downs and Eddy 22 Evidence has been advanced in support of two 
points (1) that rapid and transient rises m blood count are not 


Table S — Results of Dozvns and Eddy’s Expei iments on Rabbits Which Received 

Secretin and Conti ol Rabbits 


Num- Blood 

Initial 

First 

Week 

«< 

Second 

Week 

'Secretin" 

Third 

Week 

Babbits 

Fourth 

Week 

Fifth 

Week 

Sixth 

Week 

Seventh 

Week 

Eighth 

Week 

ber 

Cells 

Count 

Average 

Average 

Average 

Average 

Average 

Average 

Average 

Average 

1 

White 

0,300 

17,183 

22,100 

22,206 

25 833 

29,300 

16,250 

17,400 

13,100 


Bed 

6,60S,000 

5,929,000 

4,703,000 

6,150,000 

5,178,000 

0,858,000 

6,300,000 

6,944,000 

7,502,000 

2 

White 

10,400 

12,806 

12,910 

26,133 

20,333 

13,000 

14 200 

16,950 

14,000 


Bed 

4,432,000 

4,941,000 

6,208,000 

6,150,000 

5,042 000 

0,715,000 

0,336,000 

7,190,000 

7,332,000 

* 

White 

9,830 

15,024 

17,541 

21,199 

22,933 

21,150 

15,125 

17,150 

13,550 


Bed 

5,520,000 

5,435,000 

4,955,500 

6,150,000 

5,110,000 

0,7S6,500 

6,318,000 

7,070,000 

7,447,000 

t 

White 

100 00 

152 52 

178 08 

240 09 

232 82 

214 63 

153 55 

174 03 

137 53 


Bed 

100 00 

93 46 

89 77 

111 41 

92 57 

122 94 

114 45 

128 07 

134 90 

3 

White 

7,100 

7,833 

7,166 

Control Babbits 
11,800 7,833 

7,600 

0,800 

9,000 

8,533 


Bed 

6,272,000 

5,536,000 

5,784,000 

6,121,000 

5,380 000 

0,338,000 

6,574,000 

6,616,000 

7,250,000 

4 

White 

9,800 

9,106 

6,916 

9,100 

9,600 

10,100 

11,250 

12,000 

10,433 


Bed 

6,176,000 

6,081,000 

6,191,000 

6,253,000 

6,377,000 

7,530,000 

6,856,000 

6,481,000 

7,244,000 

* 

White 

8,450 

8,499 

7,041 

10,450 

8,716 

8,850 

9,025 

10,800 

9,483 


Bed 

0,224,000 

5,S0S,500 

5,9S9,000 

6,187,000 

5,886,500 

0,933,000 

6,715,000 

6,548,500 

7,247,000 

t 

White 

100 00 

100 57 

83 31 

123 06 

10314 

104 73 

100 80 

127 G9 

112 22 


Bed 

100 00 

93 35 

96 25 

99 44 

91 00 

11139 

107 89 

105 21 

116 43 


* Averages 
t Percentge relations 


characteristic of changes due to production of new cells, (2) that the 
solutions used contained substances (other than the hormone secretin) 
which are known to cause temporary concentrations of the blood result- 
ing in rapid and transient rises m count such as Downs and Eddy 
observed 

Their third paper 23 presents data obtained from an experiment 
planned to explain the mode of action of secretin 

Four rabbits were used Two were given forty doses of secretin, 
and the controls were given saline solution The experiment extended 
over eight weeks, the observations being made several times each week 
The data are given m table 5 

22 Downs and Eddy (footnote 4, first and second references) 

23 Downs and Eddy (footnote 4, third reference) 



772 


ARCHIVES OF INTERNAL MEDICINE 


COMPARISON OF RESULTS 

I repeated the experiment with twice as many animals The follow- 
ing differences m technic should be mentioned The animals m my 
“secretin” group received thirty-seven doses of secretin, while those of 
Downs and Eddy leceived forty doses Fresh solutions were used 


Table 6 — Results of Autlioi’s Expo imcnts on Rabbits Which Received Secretin 

and Conti ol Rabbits 


“Secretin'’ Rabbits 




First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Num-Blood Initial 

Week 

Week 

Week 

Week 

Week 

Week 

Week 

Week 

ber 

Cells Count 

Average 

Average 

Average 

Average 

Average 

Average 

Average 

Average 

29 

Reticu- 

locytes 

16 

25 

30 

41 

60 

60 

37 

37 


White 


10,400 

6,850,000 

12,400 

10,900 

10,250 

16,300 

13,350 

10,450 


Red 6,143,000 

6,430,000 

5,5SO,000 

5,070,000 

5,430,000 

5,810,000 

6,160,000 

6,910,000 

S3 

Reticu- 






locytes 

11 

15 

44 

43 

31 

40 

47 

26 


White 


12,200 

18,500 

14,700 

13,350 

13,450 

22,550 

16,500 


Red 5,G75,000 

5,710,000 

G, 070, 000 

4,S40,000 

6,160,000 

5,840,000 

5,790,000 

7,340,000 

7,460,000 

34 

Reticu- 









locj tes 

6 

11 

34 

45 

62 

45 

39 

47 


White 


11,200 

12,700 

17,650 

12,200 

14,500 

15,900 

13,050 


Red 5,203,000 

5,100,000 

5,330,000 

4,910,000 

5,560,000 

4,770,000 

5,110,000 

5,690,000 

5,550,000 

44 

Reticu- 









locytes 

12 

29 

43 

37 

4S 

60 

58 

23 


White 


11,650 

11,700 

11 950 

1S.OSO 

13,100 

13,150 

13,150 


Red 5,220,000 

5,350,000 

4,090,000 

4,879,000 

4,900,000 

5,270,000 

4,550,000 

5,650,000 

5,400,000 

* 

Reticu 








loevtes 

1125 

20 00 

37 To 

41 50 

50 25 

51 25 

45 25 

34 50 


White 


11,375 

5,595,000 

13,825 

13,800 

12,200 

14,337 

16,237 

13,287 


Red 5,560,500 

5,647,000 

5,050,000 

5,422,500 

5,327,000 

5,315,000 

6,210,000 

6,330,000 


Final count 113 8% of the initial count 










Control Rabbits 







First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Num-Blood Initial 

Week 

Week 

Week 

Week 

Week 

Week 

Week 

Week 

ber 

Cells Count 

Average 

Average 

Average 

Average 

Average 

Average 

Average 

Average 

23 

Reticu- 

locytes 


18 

42 

17 

23 

51 

63 

28 


White 

17,000 

12,200 

13,600 

21,500 

10,900 

11,550 

4,960,000 

9,000 

9,150 


Red 5,400,000 

5,700,000 

4,3GO,000 

5,100,000 

6,530,000 

5,520,000 

6,130,000 

6,240,000 

28 

Reticu 

locytes 

34 

IS 

50 

25 

25 

38 

62 

38 


White 

14,250 

16,400 

17,700 

9,400 

20,250 

7,650 

11,500 

9,050 


Red 6,236,000 

6,260,000 

6,230,000 

5,400,000 

5,550,000 

5,900,000 

5,760,000 

7,060,000 

6,740,000 

3S 

Reticu- 








locj tes 

12 

4 

27 

17 

22 

26 

46 

18 


White 

28,800 

25,800 

29,050 

27,050 

22,050 

35,300 

22,000 

16,700 


Red 0,693,000 

7,470,000 

6,390,000 

6,500,000 

6,550,000 

6,970,000 

7,430,000 

7,990,000 

8,0S0,00O 

40 

Reticu 

locytes 

21 

7 

34 

25 

31 

54 

48 

49 


White 

10,900 

12,050 

12,050 

11,000 

18,450 

8,900 

14,900 

5,260,000 

14,850 


Red 5,433,000 

5,660,000 

5,030,000 

4,230,000 

4,110,000 

4,480,000 

4,550,000 

5,670,000 

* 

Reticu- 








locytes 

22 30 

1175 

33 25 

21 00 

25 25 

42 25 

54 75 

33 25 


White 

17,737 

16, 60S 

18,100 

17,237 

IS, 412 
5,717,500 

15,800 

14,375 

12,437 


Red 5,940 500 

6,272 500 

5,502,500 

5,320,000 

5,6S5,000 

5,680,000 

6,610,000 

6,682,500 


Pinal count 112 5% of tbe initial count 


* Avenges 


The controls were injected with saline solution thirty-four times The 
data are presented in table 6 

Downs and Eddy’s “secretin” group finished the experiment with a 
red count which was 134 9 per cent of the initial count, the controls 
finished at 116 43 per cent My “secretin” group finished at 113 8 per 
cent, while the control count was 112 5 per cent Downs and Eddy felt 
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justified m assuming that the experimental animals showed a marked 
gam over the controls Working with twice as many animals, I found 
the two groups as close together as could be expected, when a small 
number of animals is used 

So much importance is attached to the diffei ence between Downs 
and Eddy’s “secietm” and control groups that a careful analysis of 
the data seems necessary 

In companng the percentages of gam in red blood cells it should 
be noted that the absolute difference between the tw o groups at the end 
of the expei iment was onh 203,000 The gam when expressed m 
percentage of the initial count seems to indicate a greater difference 
(secretin, 134 9 pei cent — control, 116 43 per cent) This greater differ- 
ence m the peicentage of the initial count is due moie to the lower count 
m the “secretin” group at the start of the experiment than to the rela- 
tively slight difference at the end This may be illustrated by consider- 
ing vhat the result would be in the case of rabbit 1 alone The final 
count m this case would be 114 4 per cent of the initial count This 
is less than the control gam Therefore, the whole difference between 
the tv o groups rests on the fact that rabbit 2 had a temporal y low count 
at the beginning of the experiment 

Any animal started at a count between 4,000,000 and 5,000,000 must 
show a gam when expressed in percentage of the initial count, as that 
is the low point m the animal’s normal cycle Nor is there anything 
unusual in such a count, as is evidenced by the fact that five of the* 
eight animals used by me had counts between 4,000,000 and 5,000,000 
some time during the eight weeks As a matter of fact, it is obvious 
from both sets of data that, in general, any rabbit’s count runs moie 
or less m cycles varying from somewhat over 4,000,000 to somewhat 
over 7,000,000 For this reason any peicentage of gam based on an 
initial count is so difficult of interpretation as to render its value 
doubtful 

A much better way of interpreting such data is to average the nine 
counts given for each animal When this is done, one arrives at the 
following result (table 5) 


“Secretin” Rabbits 


Rabbit 1 — Average of all counts 

6,248,000 

Rabbit 2 — Average of all counts 

5,928,000 

Average for the group 

Control Rabbits 

6,088,000 

Rabbit 3 — Average of all counts 

6,208,300 

Rabbit 4 — Average of all counts 

6.576 800 

Average for the group 

6,392,550 

This tabulation shows that the control group had a 
than the “secretin” group, the difference being 304,550 

higher average 
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Similar data on my eight weeks’ experiment are as follows (table 6) 


“Secretin” Rabbits 

Rabbit 29 — Aveiage of all counts 6,042,500 

Rabbit 33 — Average of all counts 6,098,300 

Rabbit 34 — Average of all counts 5,247,000 

Rabbit 44 — Average of all counts 5,034,300 

Average for the group 5,605,525 

Control Rabbits 

Rabbit 23 — Average of all counts 5,548,800 

Rabbit 28 — Average of all counts 6,128,400 

Rabbit 38 — Average of all counts 7,119,200 

Rabbit 40 — Average of all counts 4,935,800 

Average for the group 5,933,050 


The conti ol group had a higher average, the difference being 
327,525 This compares well with the difference between the two 
groups of Downs and Eddy (304,550) 

Both sets of data show that the difference between the expenmental 
and control groups is m favor of the control group 

The reticuloycte count varied from week to week, but when an 
average of the whole period is taken, the values for experimental and 
control groups coi respond well, being 3 44 and 3 06 per cent, respec- 
tively The experimental group shows the higher value, as would be 
expected from its slightly lower count 

COMMENT 

The object of this paper is not to present a complete consideiation 
of either legeneration or secietm, but to call attention to some well 
established facts concerning both, with which the conclusion that secretin 
is a stimulant of blood-forming tissue cannot be reconciled 

The facts on which the conclusion was based have been reviewed 
In the first place, the sudden use m red count observed (after the 
injection of the tissue extract), which returned promptly to normal, 
should not have been interpreted as suggestive of a regenerative 
phenomenon The literature is replete with warnings on the point 
Secondly, the data obtained in the long expenment (eight weeks), 
when mterpieted m the light of knowledge concerning the noimal cyclic 
fluctuation m the rabbit, do not furnish any evidence to support the 
contention that the expenmental gioup showed moie gain than the 
controls 

It would scarcely be logical to suppose that the small amount of 
secretin injected could produce so marked an effect, considering the 
relatively large amounts noimally hbeiated, and it has been pointed 
out that the hormone is effectn e only when given intravenously 
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It was likewise pointed out that substances piesent in the tissue 
extiact used have been known foi some time to cause transient concen- 
trations of the blood 

Befoie concluding that a rise in led cell count is due to legeneiation, 
it is necessary to show that the well known histologic signs of regenei- 
ation aie present 

CONCLUSION 

The rapid and transient rises m cell count leported to follow the 
subcutaneous injection of the tissue extract containing secretin are 
conoborated The rises aie not due to 1 egeneration, but to a concern 
tiation of the blood which is a chai actenstic lesponse to such extracts 



A NEW CLINICAL TEST FOR TISSUE THIRST + 
WILLIAM A THOMAS, MD 

AND 

EDMUND ANDREWS, M D 

CHICAGO 

Recent leports b} Aldrich, 1 who made tests by mtradermal injec- 
tions of physiologic solution of sodium chloride, showed clearly that 
edema was due to an mci eased hydrophilic action of the tissue colloids 
and not simply to lenal obstruction With this point m view, the follow- 
ing method was devised to study the colloid affinities of the proteins m 
the blood 

EXPERIMENTAL WORK 

The apparatus used was a glass tube with a bell-shaped end The bell end 
was closed with a collodion membrane, and the tube was filled with serum with a 
fine bacteriologic pipet The tube was so graduated that when filled to a certain 
point it would read in percentage of swelling of the original volume of serum, 
as is shown in the illustration 

The ends of these tubes were then immersed in hundredth-normal hydrochloric 
acid, and the percentage of swelling was noted 

Dial) sis of the same seium against water, physiologic solution of 
sodium chlonde and vanous stiengths of hydrochloric acid soon showed 
us that hundredth-normal hydrochlonc acid gave the greatest amount 
of swelling It is also true that variations in the thickness of the mem- 
brane within rather a wide range did not give vanations m the amount 
of the swelling 

A senes of serums fiom normal dogs and fiom normal persons were 
tested, and the amount of swelling was slight (table 1) Most of them 
swell 1 or 2 pei cent, and 8 oi 9 pei cent is the maximum In this 
connection it is interesting to note that in the appended list of controls 
numbers 17 and IS showed considerable swelling, and subsequent study 
of the patients leiealed that renal disease was present 

In a large series of cases this dialysis test was applied to nephritic 
and edematous patients There was invariably a marked swelling This 
ranged fiom 15 to 50 per cent (the limit of reading) Table 2 shows 
that this mci eased hydrophilic power of the seiums is present not only in 
nephritis and uiemia but also m edema of cardiac ongm In two cases 
of obstructive anuria there was little swelling (table 2) 

'■■From the Department of Surgery; University of Illinois College of Medicine 

1 Aldrich, C A, and McClure, W B The Intradermal Salt Test, J A 
M A 82 1425 (May 3) 1924 Aldrich, C A The Clinical Course of Generalized 
Edema, JAMA 84 481 (Feb 14) 1925 
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COMMENT 

The essential differences between uremic serums and normal serums 
consist m (1) greater acidity, (2) an increased amount of chlorides and 
(3) an increase in the amount of nonprotein nitrogen 

With these points m view, the normal serums m both dogs and 
human beings were (1) acidulated by various means, (2) the sodium 
chloride content doubled and (3) large amounts of urea added None of 



The tubes are first sealed at the bell-shaped end with a collodion membrane 
They are then filled with serum up to the zero mark with a fine pipet and are 
finally immersed in hundredth-normal hydrochloric acid 

these procedures increased the hydrophilic power of normal serums to 
the slightest extent 

It is safe to assume, therefore, that this phenomenon resides in the 
character of the proteins m the serum It is all the more striking when 
one considers that the uremic serums usually contain materially less pro- 
tein than normal serums, and that m spite of this fact the protein 
which they do contain is able to absorb more water (table 3) 



Table 1 — Controls 
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More striking still is the set of experiments on artificial uremia m 
dogs as previously reported by one 2 of us (table 4) In each of the 
three experiments, the protein content of the serum as measured by 
the refractometric reading fell about 25 per cent, but m spite of this 
fact it was able to absorb a great deal moi e water Only two interpreta- 
tions of these results are possible In the serums exhibiting abnormal 
swelling, there is either (1) a foreign substance as protein, which 
enormously increases the osmotic pressure or is combined with a serum 
protein to do so, (2) or else the serum protein has undergone a pro- 
found change, perhaps a greater colloid dispersion, increasing its osmotic 
pressure abnormally All present thought m nephritis points in this 
direction 

CONCLUSIONS 

1 A simple method of measuring the degree of swelling of serum 
protein when dialyzed against hundredth -normal hydrochloric acid is 
described 

2 The swelling of normal serum is slight, that from nephritic and 
edematous cases very great 

3 This phenomenon is due -either to the presence m the blood of 
some foreign protein or to some change in the colloid dispersion of 
normal blood proteins 

2 Andrews E Experimental Uremia, Arch Int Med 40 548 (Oct ) 1927 



DOES COMMERCIAL INSULIN CONTAIN WHAT HAS 
HITHERTO BEEN CALLED VITAMIN B?" 

CHARLES J STUCKY, PhD 
Porter Fellow of the American Physiological Society, 1926-1927 

NEW HAVEN, CONN 

Studies on the occurrence of what has hitherto been called vitamin 
B have shown that this food factor is widely distributed m nature It 
is found in most common foods of both plant and animal origin (Osborne 
and Mendel, 1 Sherman and Smith, 2 McCollum and Simmonds 3 and 
Sherman 4 ) Its distribution in animal tissues was investigated by 
Cooper, 5 who used the pigeon method and found that the liver and 
cardiac muscle of the ox were good sources of the antmeuritic, water- 
soluble vitamin Sinnlaily, Osborne and Mendel, 5 using the growth of 
rats as the criterion for the presence of the water-soluble B-vitamm, 
reported that such tissues as the heart, liver, brain and kidney of the pig 
were rich m this food factor 

The presence of vitamin B in hormone prepaiations, however, is 
not so well known A review of the literature revealed a paucity of 
such observations Eddy 7 demonstrated the presence of vitamin B m 
an extract made from the pancreases of sheep Fiom the results of 
feeding experiments with white rats, this investigator concluded that “the 
water-soluble portion of the alcoholic extiact of panel eas contains a 
substance that is capable of inducing marked mciease m growth ” Like- 
wise, Swoboda, 8 using the yeast multiplication method, found that 
vitamin B was present in the pancreas and other glandular tissues 

During the course of an investigation concerning the physiology of 
vitamin B in the dog, it proved desirable to know whether commercial 

' From the Laboratory of Physiological Chemistry, Yale University 

^ The experimental data in this paper are taken from the dissertation submitted 
by Charles J Stucky in partial fulfilment of the requirement for the degree of 
Doctor of Philosophy, Yale University, 1927 

1 Osborne, T B , and Mendel, LB J Biol Chem 32 309, 1917 

2 Sherman, H C, and Smith, S L The Vitamins, New York Chem 
Catalog Co , 1922 

3 McCollum, E V , and Simmonds, N The Newer Knowledge of Nutrition, 
ed 3, New York, The Macmillan Company, 1925 

4 Sherman, H C Chemistry of Food and Nutrition, ed 3, New York, The 
Macmillan Company, 1926 

5 Cooper, E A J Hyg 12 436, 1912, J Hyg 14 12, 1914 

6 Osborne, T B , and Mendel, LB J Biol Chem 32 309, 1917 , 34 17 

1918 

7 Eddj, W H J Biol Chem 27 113, 1916 

8 Swoboda, F K J Biol Chem 44 531, 1920 
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insulin contained appreciable quantities of this food factor A com- 
parison of the general properties of insulin (Macleod 9 ) with those 
of vitamin B (Sherman 4 ) makes it not at all unlikely that this accessory 
food substance is present in the hormone prepaiation Study of the 
liteiature did not reveal that tests of this hormone for its vitamin B 
content had ever been made Experiments with young rats were there- 
fore performed The cuiative type of pioceduie (in this case ability 
to restore growth) was employed, because it did not lequire the use 
of such large quantities of the insulin preparation 

EXPERIMENTAL DETAILS 

The tests for vitamin B were made on a group of ten albino rats 10 of the same 
litter, the individual animals weighing between 30 and 40 Gm at 21 days of age 
They were placed in cylindrical, wire mesh cages with raised screen floors to 
prevent access to excreta (Steenbock, Sell and Nelson 11 ) Each rat was caged 
separately and handled according to the technic developed in this laboratory 
(Smith, Cowgill and Croll 12 ) 


Vitamin B Deficient Ration 



Per Cent 

Meat residue * 

18 

Corn starch 

50 

“Crisco” 

23 

Cod liver oil 

5 

Salt mixture f 

4 


1 This substance is practically free from vitamin B (Cowgill, G R Am J 
Physiol 79 341, 1926 ) It may be obtained from the Valentine Meat Juice 
Company, Richmond, Va 

t The salt mixture described by Osborne and Mendel ( J Biol Chem 32 374, 
1917) was employed 

The insulin used in this investigation was of standard purity In preparing 
the hormone for the feeding experiments, 4,500 units of the aqueous solution 
(insulin, Lilly 13 ) were mixed with 4 5 Gm of pure dextrin This mixture was 
placed in an evaporating dish and heated gently over a hot plate for about four 
hours with occasional stirring, the temperature of the mixture being kept below 
75 C , to avoid any possible destruction of vitamin B At this temperature and for 
a considerable range above it, the vitamin has been shown to be stable (Sherman 4 ) 
When thoroughly dry, the mixture was pulverized The resultant product, a 
yellow-brown, sandy powder, was used for the vitamin B tests Approximately 
100 mg of this insulin-dextrin preparation was equivalent to 100 units of insulin 


9 Macleod, J J R Physiol Rev 4 21, 1924 

10 Obtained from the Albino Supply, Inc , Philadelphia 

11 Steenbock, H , Sell, M T, and Nelson, EM J Biol Chem 55 399 
1923 

12 Smith, A H , Cowgill, G R , and Croll, H M J Biol Chem 66 15 
1925 

13 Obtained from the Eli Lilly and Company, Indianapolis 
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In the feeding trials, the rats were fed on a ration deficient in Mtanun B, ha\mg 
the composition shown m the table. The animals were fed the basal diet and water 
ad libitum Dried brewerj 3 east, 11 as a source of Mtamin B, was fed apart from 
the ration at the rate of 100 mg per rat a da\ All of the rats rvere placed on 
this dietary regime for about ten da\s, alter which rats 1, 2 and 3, the controls, 
yvere continued on this ration while the remaining seyen animals were deprned of 
the 3 east supplement When failure in growth or decline in body weight occurred, 
each rat was giyen a daily dosage of 100 mg of the insulin-dextrin preparation, 
fed separately from the rest of the ration, as a possible source of wtamm B At 
the end of six dajs, the animals fed insulin had declined to such a great extent in 
bod> \y eight that 100 mg of yeast yyas substituted lor the insulin preparation, tins 
resulted m an immediate resumption of groyyth m all of the rats so fed The 
chart demonstrates this clearly and slioyys the meffectneness of the insulin-dextrin 
preparation as a source of \1tam1n B 



Chart showing that a young rat fed on a yitarnm B deficient diet continued to 
decline m growth when recenmg a daily supplement of 100 mg of an msuhn- 
dextrin preparation as a possible source of Mtamin B The substitution of yeast 
for the insulin preparation yyas folloyyed by an immediate resumption m groyy r tli 
Each of the control animals (1, 2 and 3) recened the same ration plus 100 mg of 
yeast daily from the beginning of the experiment A represents the 3 east yvith- 
drawn, B, the insulin added, C, the insulin replaced by yeast 

COMMENT 

From the results of the experiments it is obtious that the msulin- 
dextrin preparation here used is markedl) deficient in pait at least, of 
the complex hitherto known as vitamin B 

Recently, papers hat e appeared hearing on the possible plural charac- 
ter of Mtamin B, so called 10 Although the experiments reported here 
were performed on rats, it is worth noting that a feyy attempts to cure 

14 Obtained from the Xorthy\estern Yeast Company, Chicago 

15 Sherman, H C, and A.xtmayer, J H A Quantitatne Stud3 r of the 
Multiple Nature of Vitamin B J Biol Chem 75 227 (Oct ) 1927 
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polyneuiitic pigeons by large doses (from 50 to 100 units) of insulin per 
os weie made m this laboiatoiy 10 and negative results weie obtained In 
these expel iments the hoimone was admimsteied without further treat- 
ment, l e , it was not evapoiated down to diyness on dextun as m the 
experiments on rats It would seem, theiefoie, that insulin is at least 
deficient m the antineuntic substance 

SUMMARY 

A commeicial insulin piepaiation was tested for its vitamin B con- 
tent on a gioup of young albino lats From the lesults of the feeding 
tuals, it may be concluded that such matenal, when added to a diet 
deficient m vitamin B, will not suppoit giowth Tests made with 
pigeons suggest that the antineuntic factor also is absent Whether 
the heat-stable growth promoting factoi, m what has hitherto been 
spoken of as vitamin B, is absent was not detei mined 

16 Experiments performed by Miss Margaret H Jones, B A , of the Graduate 
School, Yale University 



SKIN SENSITIVITY OF RHEUMATIC SUBJECTS TO 
STREPTOCOCCUS FILTRATES 

ITS RELATIONSHIP TO RHEUMATIC FEVER” 

EDITH I M IRVINE-JONES, MB 
Theron Catlm Fellow in Pediatrics 
ST LOUIS 

The following work was cairied out m ordei to determine whether 
one strain or a group of stiams of stieptococci exist which could be 
classed as rheumatic on the basis of the skin reactions m rheumatic 
subjects, and further to find if any immunologic characters were common 
to the varied ty pes of streptococci which may be isolated m cases of 
rheumatic fever and chorea 

Attempts made to isolate streptococci from the blood stream were 
largely unsuccessful Thirty -thiee blood cultures were made from 
twenty-nine subjects, and the technic adv ocated by Clawson 1 was 
employed All of the subjects were acutely sick with rheumatic mani- 
festations, and the fever at the time of culture \aried between 386 
and 40 C (101 5 to 104 F ) All except four 1 ad cardiac involvement 
Eleven had pericarditis and ten had subcutaneous nodules The cultures 
were kept from four to six weeks and examined semiweekly Contami- 
nation with air organisms occurred in a few 7 instances, otherwise all the 
blood cultures w r ere sterile with one exception, a culture of the heart 
blood obtained immediately post mortem A small gram-positive diplo- 
streptococcus of the gamma type was obtained on 'this occasion, but did 
not grow' on subsequent transplants Cultures of spinal fluid in chorea 
and of joint fluid m acute articular rheumatism have been negative m 
every instance, although a small gram-positive diplostreptococcus was 
isolated on one occasion from a rheumatic pericardial effusion It, too, 
did not grow on subsequent culture and its reaction on blood medium 
is unknown 

The “rheumatic"’ strains of streptococci finally employed were all 
obtained from the upper respirator} 7 tract of children with rheumatic 
manifestations Since streptococci may be obtained from a large pro- 
portion of cultures from the nasopharynx, and fiom the throat and 
tonsils, cultures were not considered suitable when the number of 
streptococci was very small Thus of seventy -six cultures made, fifty- 
six strains of streptococci were considered sufficiently predominant to 
be suitable Rather more than one half of the strains weie isolated 

v From the Department of Pediatrics, Washington University School of Medi- 
cine, and the St Louis Children’s Hospital 

1 Clawson, B J J Infec Dis 36 444 1925 
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from the interior of the excised tonsils of convalescent rheumatic 
children The remainder weie obtained chiefly from the throats of 
subjects with acute rheumatic manifestations A few were from sinus 
washings and ears where such foci seemed ctiologic In our series 
of cases, green streptococci could be isolated with equal ease during the 
acute and convalescent stage of the disease Hemolytic strains were 
not commonly isolated during the period of acute sore throat, but were 
usually obtained during convalescence 

CLASSIFICATION OF ORGANISMS 

The stieptococci fell into two main classes hemolytic and anhemo- 
lytic The majority m the latter class were green, but five gray stiams 
resembling, at least moi phologically, the organism described by Small 
were included The organisms were further classified accoidmg to 
their sugar fermentations The sugars used were lactose, saccharose, 
mulin, salicm, mannite and raffinose It was found that fourteen stiams 
fermented lactose, saccharose and salicm and did not ferment mannite 
and raffinose Three of these strains were green, the rest were 
hemolytic The remaining strains showed considerable variation in their 
fermentation reactions According to Andrewes’ and Holder’s 2 3 classi- 
fication, most strains fell into the sahvamt y group, although three were 
classed as fecahs by their fermentation of mannite and a further two as 
Streptococcus pyogenes This heterogeneity has been rather a general 
observation m previous studies of the organisms m the mouth in rheu- 
matic fever ' 5 None resembled Small’s 4 strains in fcimentmg mulin. 
Similar fermentation tests made on a few of the control stiams of strep- 
tococci, which will be described later, showed a predominating fermenta- 
tion of lactose, salicm and saccharose, while one strain also fermented 
mannite Thus the fermentation reactions did not distinguish the rheu- 
matic strains from those of the control series The oigamsms were 
also distinguished as scarlatinal and nonscarlatmal, both according to 
the skm reaction of the filtrate in groups of subjects with a positive 
reaction to the Dick test and those with a negative reaction, and by 
the ease with which mtradermal injections of filtrates of streptococci 
belonging to the scarlatinal group were neutralized by either convalescent 
scarlet fever serum or commercial antitoxin when suitably diluted 
None of the strains from rheumatic subjects fell typically mto the class 
of scarlatinal strains In nineteen filtrates from rheumatic sources, 
neutralization with scarlet fever scrum occuircd m five instances and 

2 Andrewcs, C H, and Hordcr, T Lancet 2 775, 1906 

3 Andrewcs, C II , Derick, C L, and Swift, H F T Exner Med 43 13 

1926 

4 Small, J C Am J M Sc 173 101, 1927 
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was partial m four of these The same filtrates, however, were rather 
easily neutralized by the serum of subjects giving negative leactions 
to this filtrate Three of the control strains were neutralized completely 
by scarlet fever serum and showed mtradeimal leactions consistent with 
the Dick reaction of the subject 

These figures are lower than those of Williams, 5 who obtained 
neutralization with scarlet fever antitoxin in 42 8 per cent of her filtiates 
of streptococci from excised tonsils 

The control group of streptococci consisted of twenty-four strains, 
ten hemolytic and twelve anhemolytic, isolated from the tonsils, throats 
and maxillary sinuses of nonrheumatic children 

EXPERIMENTAL METHOD 

Technic of Growth — The material was seeded on blood agar plates, immediately 
after it was obtained Aerobic and anaerobic cultures were examined after 
twenty-four hours, and when streptococci were present in abundance, flasks of 
veal infusion broth with 0 1 per cent dextrose and a pu of 7 8 were inoculated and 
incubated for four days It was found that usually anaerobic cultures were more 
abundant than aerobic, but none of the strains were strict anaerobes The cultures 
were then centrifugalu'ed, filtered through a Handler filter and incubated over 
night as a test of sterility 

Dilution of Toxin — The concentrated filtrate was diluted with normal salt 
solution until a 1 500 dilution was reached At first dilutions of 1 100 and 1 250 
were used, but it was felt that the uniform use of a rather high dilution would 
rule out those atypical reactions which occur with low dilutions m some persons, 
and which are due to sensitivity to some cohstituent of the filtrate other than the 
toxic principle The amount injected was 0 1 cc, and the site used was the anterior 
aspect of the arm or forearm The reactions were controlled by intradermal 
injections of filtrate, 1 500, heated for two hours at 100 C and of sterile medium 
similarl} diluted 

Subjects Used — Two mam groups of children were employed a rheumatic 
group and a control group The former consisted of seventy-five children between 
the ages of 5 and 15 years who were or had been suffering from chorea, rheumatic 
fever or rheumatic carditis All were patients in the St Louis Children’s Hospital 
or the country department at Ridge Farm They represented varying degrees of 
severit} and were in different stages of sickness at the time examined Many had 
been under continuous observation for over a year, and changes in their reaction 
to the various filtrates were noted and correlated wuth their physical condition 
The control group consisted of 200 children of the same age group and from the 
same institution or from the Shrmer’s Hospital for Crippled Children They did 
not have any history or physical signs of rheumatic stigmas This control group 
was divisible according to the Dick reaction, 100 being positive to 2 standard 
skm test doses CSTD) of Dick toxin and 100 negative to 50 STD of Dick 
toxm This division was thought advisable, as it was considered that sensitivity 
of subjects to the Dick tests might run parallel to their sensitivity to other strepto- 
coccus filtrates Hence, rheumatic subjects should not only be controlled by non- 
rheumatic subjects, but they should be compared with controls reacting similarly 
to the Dick test The reactions were read at the end of twenty-four hours Posi- 


5 Williams, A Am J Pub Health 15 129, 1925 
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tive reactions measured 10 mm or more in diameter and usually resembled the 
Dick test Frequently, the heated control showed a reaction as large as that 
produced by the unheated filtrate This seemed to occur more frequently in some 
persons than in others, and m such instances neutralization tests with serum were 
not satisfactory 


RESULTS OF INTRADERMAL INJECTION OF TILTRATES FROM 

RHEUMATIC STRAINS 

Forty-thiee filtrates, twenty-two from hemolytic and twenty-one 
from anhemolytic streptococci were tested on two mam groups of 
rheumatic and nonrheumatic children Each toxin was tested on at least 
thirty persons, ten of the rheumatic and twenty of the control series, 
the latter group being again divisible according to the Dick reaction 
Ten of the filtrates as judged by this method were apparently nontoxic, 
this conclusion was reached only after at least thirty children had been 


Table 1 — Results of InUadeimal Injection of Sti cptococctc Filtiates fioni 

Rheumatic Sow ccs 


No of Intra- 

No of Pos- 

Percentage 
of Pos- 

No of Intra- 

No 

of Pos- 

Percentage 
of Pos- 

dermal In- 

itive Re- 

itive Re- 

dermal In- 

itive Re- 

itive Re- 

jections on 

actions on 

actions on 

jections on 

actions on 

actions on 

Rheumatic 

Rheumatic 

Rheumatic 

Control 

Control 

Rheumatic 

Group 

Subjects 

Subjects 

Group 

Subjects 

Subjects 

Hemoli tic and anhemo 

lytic strains 487 

111 

228 

829 

100 

12 70 

Hemolytic strains 

only 311 

90 

30 80 

481 

98 

20 30 

Anhemolytic strains 

onlj 176 

15 

850 

348 

8 

2 30 


tested and had given negative reactions Most of these nontoxic filtrates 
were obtained from anhemolytic strains, only one hemolytic organism 
failing to produce toxin 

The total number of intrader mal injections made into all subjects 
with filtrates from rheumatic subjects was 1,316, of which 217 resulted 
m positive reactions Thus, the percentage of positive reactions m the 
entire group of children under observation was 16 5 An analysis of the 
mtradermal injections is given in table 1 to show the marked difference 
m the response of the rheumatic subject as compared with that of the 
control It will be seen that the percentage of rheumatic children 
reacting positively is almost double that of the control series This 
disparity is especially striking when the anhemolytic filtrates are studied 
separately, when the rheumatic subjects are shown to be about four 
times as susceptible as the controls Birkhaug 0 and Kaiser, 6 7 using a 
similar technic and a filtrate from a “rheumatic” strain of streptococcus, 
demonstrated the increased skm sensitivity of rheumatic subjects 

6 Birkhaug, IC J Infect Dis 40 549, 1927 

7 ICaiser, AD J Infect Dis 42 25, 1928 
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On the other hand, when one studies the sensitivity of this entire 
group of children to filtrates of streptococci obtained from nonrheumatic 
subjects, one is struck with the resemblances between the results m the 
two series A total of 553 mtradermal injections made m this group 
showed 16 66 per cent positive leactions — close to the 16 5 per cent 
of positive reactions obtained with the “rheumatic” filtrates The 
resemblances hold when a more detailed study is made, as is outlined 
m table 2 

Here it will be seen that the percentages he close to those given in 
table 1, and again that although a fan ly wide difference exists m the 
sensitivity of the two groups to the hemolytic strains, this difference 
is gieatly exaggerated when the anhemolytic group is studied It is 
realized that the total number of positive reactions to the green and 
gray varieties of streptococci is small, but the difficulty of producing a 


Table 2 — Results of Inti adeimal Injection of Streptococcic Filtiatcs from 

Soui ces Otha than Rheumatic 


No of Intra 

No of Pos 

Percentage 

of Pos No of Intra- 

No 

of Pos 

Percentage 
of Pos- 


dermal In- 

ltive Re 

itive Re- 

dermal In- 

itive Re 

itive Re- 


jections on 

actions on 

actions on 

jections on 

actions on 

actions on 


Rheumatic 

Rheumatic 

Rheumatic 

Control 

Control 

Rheumatic 


Group 

Subjects 

Subjects 

Group 

Subjects 

Subjects 

Hemolytic and anhemo 

lytic strains 

201 

50 

24 5 

34S 

42 

12 0 

Hemolytic strains 

only 

121 

36 

297 

156 

31 

218 

Anlicmolytic strains 
only 

83 

14 

16 8 

192 

S 

42 


toxic filtrate from anhemolytic strains of streptococci is well known 
With other methods of culture and with the injection of lower dilutions 
of filtrate, more striking figures might be obtained, but on the other 
hand, the diffeiences between the sensitmty of the rheumatic and control 
groups are sufficiently striking and it w r as felt advisable to keep the 
results as closely analogous as possible to those obtained with hemolytic 
strains It was of interest to note that children belonging either to the 
llieumatic or to the control group who responded with positive reactions 
to one filtrate were likely to respond positively to several The same 
held true for children with negative reactions As it has been shown 
that many streptococci and also pneumococci have a nucleoprotem 
antigen in common to several strains, 8 9 it seems possible that filtrates 
from such organisms may possess antigen characteristics m common and 
thus explain the tendency by -which persons leact to more than one 
filtrate 0 


8 Avery, O T, and Heidelberger, M J Exper Med 42 367, 1925 
Lancefield, R C Proc Soc Exper Biol & Med 22 109, 1924-1925 

9 Zinsser, H, and Tama} a, T J Exper Med 42 311, 1925 
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COMPARISON BETWEEN THE DICK TEST AND SENSITIVITY TO THE 

FILTRATES STUDIED 

As was all eady explained, it was felt that the sensitivity of subjects to 
streptococcus filtrates might be to some extent parallel to their Dick 
reaction If this weie so, an euor might be introduced, owing to the 
selection of two gioups of unequal size in which the number of subjects 
m each group who gave positive leactions to the Dick test probably 
diffeied The figuies weie, theiefore, lestudied from this new stand- 
point By this companson, an intei estmg diffeience was brought out 
in the sensitivity of lheumatic and control subjects Consideration, 
first, of the filtrates from lheumatic sources shows (table 3) that the 
lheumatic subjects who gave a negative leaction to the Dick test weie 

Table 3 — Companson Between Sensitivity to the Dick Toxin and to Sti eptococcic 

Filhates fiom Rheumatic Souices 


Rheumatic Subjects Control Subjects 

K K , 



Total Intradermal 


Per Cent Total Intradermal 


Per Cent 


Injections 

+ 

Positive Injections 

+ 

Positive 

Dick 

positive 148 

25 

16 9 395 

68 

171 

Dick 

negative 318 

78 

24 5 437 

39 

S 9 


Table 4 — Companson Between Sensitivity to the Dick Toxin and to Sti eptococcic 
Filhates fiom Souices Othci than Rheumatic 


Rheumatic Subjects Control Subjects 

/ * » r— v 

Total Intndermal Per Cent Total Intradermal Per Cent 




Inj eetions 

+ 

Positive 

Injections 

+ 

Positive 

Dick 

positive 

72 

18 

25 0 

172 

26 

151 

Dick 

negative 

138 

32 

231 

176 

16 

99 


apparently consideiably moie susceptible to the filtrates than those m 
the group with the positive reaction The conti ol subjects, however, 
showed what one would have expected, namely, a greater percentage 
of positive leactions among the subjects positive to the Dick test On 
the other hand, sinnlai study of the control filtiates shows results which 
are much closer to those which were expected The rheumatic subjects 
who are positive to the Dick test aie slightly moie sensitive than those 
who are negative Of the conti ol subjects, the lelative sensitivity of 
the subjects positive to the Dick test and those negative to it is almost 
identical with that shown m table 3 

IS SENSITIVITY DEPENDEN1 ON THE TYPE OF RHEUMATIC MANIFES- 
TATION OR ON THE STAGE OF THE DISEASE ? 

It was felt that if a positive reaction occurring m a lheumatic child 
was evidence of a lather specific sensitization, this sensitivity might vary 
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with the type of rheumatic manifestation present and also with the 
com se of the disease By watching a group of such children for some 
time, the reaction which took place to mtradermal injections could 
be compared with the clinical obseivations The results of this 
observation are shown m table 5, which illustrates two interesting points 
first, the low percentage of positne reactions obtained in cases of acute 
carditis often accompanied by low giade chorea or joint pains, second, 
the high percentage of positive reactions obtained in the senes of cases 
of acute rheumatic fever and acute choiea m which the changes m the 
heart were slight or could not be detected clinically More light was 
shed on this difference by following the results of some of the mtra- 
dermal injections over a considerable period of time and correlating 
changes in reaction with clinical changes m the patient The tests were 
repeated after periods of from one to eighteen months, and when 
changes were obseived, the intiadeimal injections were repeated many 


Table 5 — Percentages of Positive Reactions 0 ccim mg in Vanous Forms of 
Rheumatism and Stages of the Disease 

Rheumatie Filtrates Used 


Type of Rheumatism 

Present at Time of Intradermal Injection 

Total 

Active 

Clinically well 
or Inactive 

Rheumatic fever 

28 0 

62 5* 

214 

Chorea 

25 6 

34 6 

22 5 

Carditis, when acute frequently accompanied by 
chorea or rheumatic fever 

20 5 

10 5 

2197 


"Series very small 


times In thirty-one instances a changed reaction was observed Three 
of these occurred in the conti ol group of children and in those three 
cases acute infection or any other factoi could not be traced as a reason 
for the change Among the patients m the rheumatic group, the changes 
fall into two mam types and may be summarized as follows subjects 
with clioi ea or rheumatic f evei m whom an overwhelming cardiac infec- 
tion is not piesent passed from a stage of positive to negative skin 
reactions This was almost mvanably true m the cases that were 
followed and in which the reaction was positive dui mg the acute stage, 
and uas seen in fourteen instances In only five children m whom 
the mtiadermal injections were repeated during the clinical course of 
the disease was no appreciable change of the skm reaction observed 
This change may be analyzed further accoi ding to the appearance of the 
positive reaction In some cases, the leaction lesembled a Dick reaction 
The controls of filtrates heated at 100 C for two hours were negative, 
and the skm reaction was rather readily neutralized In contrast with 
this uere a large number of indurated reactions when the toxic substance 
was heat stable and when neutialization could not be effected These 
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reactions lasted longer and lesembled somewhat a Schick leaction It 
was found that the commonest leaction obtained during the acute phase 
was the flat positive, and that during eaily convalescence practically 
eveiy child showed an mduiated positive 1 espouse The same mtra- 
dermal injections repeated when the children weie clinically well usually 
gave negative leactions, although m five instances the reactions did not 
become negative dui mg the penod of obseivation In one instance, 
after going through the positive and negative phase, the test again gave 
a positive leaction Three peisons watched for over a year developed 
positive skin leactions when pieviously they had given negative leactions 
In one case a mild acute rheumatism followed the change, while another 
child remained well The thud instance occuired m a child who had 
had choiea one yeai pieviously and in whom an effort had been made 
to produce skin sensitivity by injecting filtrate obtained from the subject’s 
own thioat organisms The acquisition of skin sensitivity was followed 
by a lecuuence of chorea, but it is felt that other factors played a more 
important idle This phasic change of the skin reaction during lheu- 
matic manifestations has an interesting paiallel in the work of Dochez 
and Stevens 10 on expenmenlally produced allergy 

An appai eiitly different type of changed leactivity fiom that just 
described was seen m those patients who after showing a positive 
reaction developed a fulminating carditis with high tempei ature, peri- 
carditis and pulmonai y involvement In five such instances, the positive 
test became negative, and m the only surviving patient a return to a 
positive leaction was observed as recovery occuired The same 
phenomenon was obseived a second lime m the same patient during a 
subsequent reel udescence of lheumatic pleuritis This altered reactivity 
may be explained on the basis of anergy as a Dick test was similaily 
diminished in those cases in which it had previously been positive 
Anergy to tuberculin m rheumatic fevei has been descubed in the 
literatuie 11 Spontaneous loss of sensitivity to stieplococcus filtrate 
occasionally occurs without obvious infection or operative procedure to 
explain the change 

neutralization of intradermal injections wmi SERUM OF 

SUBJECTS FROM WHOM STRAIN WAS OBTAINED 

Samples of seium weie obtained fiom most of the subjects during 
both the acute and the convalescent stage of the disease This serum 
was mixed with the diluted filtrate of the oiganisms from the same 
subjects from whom the serum was obtained ana injected mtradermally 

10 Dochez, A R , and Stevens, FA J Exper Med 46 487, 1927 

11 Magm, Luciano Riv di Clin Pediat 25 27, 1927, abstr Am T Dis 
Child 33 991 (June) 1927 
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into pei sons with positive reactions The filtrate was diluted so that 
0 1 cc contained 4 STD It was then mixed with double the volume of 
serum and incubated foi one hour It was thought that a difference 
in the neutralizing propeities of the seium taken at diffeient stages of 
the disease might be demonstrable It was found, however, that 
neutialization was easily effected in the majont) of cases and no diffei- 
ence could be demonstrated in the neutralizing power of acute or 
convalescent seium of the same subject In four instances, neutraliza- 
tion did not occur, although the subjects from whom the organism and 
serum was obtained had negative skin reactions Neutralization also 
occasionally occuired with the seium of subjects who gave positive 
reactions to mtradermal injections of then own organisms The serum 
of persons who gave negative reactions to the filtrates neutralized such 
filtrates lathei readily on susceptible subjects This observation is 
contrary to that of Mackenzie and Hangei, 12 but it is felt that as they 
injected much larger quantities of filtrate the reactions obtained were 
not entirely due to the neutralizible toxic substance 

ATTEMPT TO FIND CIRCULATING TOXIN IN THE BLOOD OF 
RHEUMATIC SUBJECTS 

It was thought that if rheumatic fever depended, as scarlet fever 
appaiently does, on the piesence of a circulating toxic material, it would 
be possible to demonstrate this by injecting intiadermally the serum of 
acutely sick children into lheumatic and nonrheumatic subjects Twelve 
serums fiom acute cases with pericarditis, fever and lheumatic nodules 
were so tested on forty lheumatic and twenty control subjects Positive 
mtradermal responses measuimg 10 mm oi moie did not occur, although 
0 3 cc was injected each time This does not rule out the presence of 
some toxic material m slight amounts, and it is possible that the serum 
was not taken from sufficiently early cases 

RESULTS Or INTRAMUSCULAR INJECTION OF TOXIC FILTRATE 

A further attempt to trace a resemblance between the mechanism of 
rheumatic and scailet fever was made by injecting increasing amounts 
(from 0 001 to 1 cc ) of toxic filtrate into subjects convalescing from 
chorea One such patient in whom skin sensitization to the filtrate was 
alread) piesent developed fever, geneial malaise and local inflammation 
at the site of injection, but increase or deciease of her symptoms did 
not occur A noimal subject whose skin was sensitive showed exactly 
the same symptoms Of the other two subjects who were given injec- 
tions of filtrate from oigamsms from their own throats, one became 

12 Mackenzie, G M , and Hanger, F M J Immunol 13 50, 1927 
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skin sensitive and subsequently developed chorea, and the other did 
not become sensitized or show any clinical change It is felt that greater 
success might have been obtained if only subjects showing a positive skm 
test as evidence of the presence of an alleigizmg focus had been 
employed 

A difference was not noted m the toxicity of filtrates from stiepto- 
cocci isolated dui mg the acute and convalescent stages of the disease, 
and a diffeience apparently did not exist m the toxicity of the oigamsms 
whether they weie obtained from cases of rheumatic fever or choiea 
Although the figuies in table 1 give the impression that the filtrates of 
the various stiams had a umfoim distribution of positive leactions, this 
was not the case Several filtiates, especially of hemolytic strains, gave 
identical peicentages of positive reactions m the lheumatic and control 
series, and m a few the conti ols seemed relatively more susceptible 
However, m a large pioportion of the hemolytic and m most of the 
green strains, the mci eased susceptibility of the rheumatic subject was 
marked 

THE DICK TEST IN RHEUMATIC FEVER 

The Dick test was studied in seventy-seven rheumatic subjects All 
were given injections of 2, 20 and 50 STD of standard Dick material 
It was found that seventeen, or 22 per cent, gave positive reactions and 
that sixty, or 78 per cent, gave negative reactions to 2 STD These 
observations may be contrasted with those of Cooke 13 woi king with 
children of the same age group and in almost identical circumstances 
where 35 5 per cent were Dick positive Zmghei’s 14 figures, although 
from a different gioup of childien, accord with those of Cooke 
Occasional spontaneous change of a positive to a negative reaction is 
seen in nonrheumatic subjects This was seen once in a rheumatic 
child after an attack of acute tonsillitis which had many of the char- 
acteristics of true scarlet fever This was the only instance in which 
a marked change occuired, the child being positive to 2 STD before the 
injection, and negative to 50 STD subsequently In seven of twenty- 
eight cases m which the Dick test was made both during the acute and 
convalescent phase, a rather consistent change was seen The test, 
negative during the acute phase, became positive This tempoiary 
negativity of the Dick test in acute diseases has been the observation 
of otheis, and is an interesting contrast to the behavior of other strepto- 
coccus filtiates during the acute and convalescent stages of rheumatism 

13 Cooke, J V Scarlet Fever II The Development of Toxin Sensitivity 
of the Skm m Infants and Its Relation to the Presence of Antitoxins in the Blood 
Am J Dis Child 35 762 (May) 1928 

14 Zmgher, A , quoted by Park, W H Scarlet Fever Etiology, Preven- 
tion by Immunization, and Antitoxic Treatment, J A M A 85 180 (Oct 17) 1925 
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COMMENT 

A survey of the literature for the last thirty yeais on the etiology 
of rheumatic fever shows a gradually mci easing belief m its streptococcic 
origin Most workers have felt that the specific characteis of the 
disease must be due to a specific etiology, and many so-called lheumatic 
oigamsms have been described The possibility of a specific leaction 
of ceitain peisons to a heterogenous group of bactena was suggested 
by Menzer 15 as early as 1902, but this lead has not been geneially 
followed The rare occunence of streptococci m the blood and tissue 
fluids of lheumatic subjects and the inability to leproduce the disease 
by the most diveise methods of injecting stieptococci leads one to believe 
that the disease is not produced by a blood stieam infection A heter- 
ogenous group of cocci may be etiologic, and m this connection Zmssei 16 
mentioned an intei estmg case in which two distinct strains of stiepto- 
cocci, one a typical viridans and the other belonging to the gamma gi oup, 
were isolated m a case of rheumatic fever Swift and his colleagues 17 
hate also made this observation 

With the mtradermal method of injection of the filtrable pioducts 
of streptococcus, the lheumatic subject has been shown to be much 
more susceptible than the control to these filtiates as a gioup This 
sensitivity, howeter, varies from the numeious positive reactions 
obtained when some filtrates are used to the slight sensitivity to others, 
including the Dick toxin The validity of the skm test as a test of 
sensitivity may he questioned on theoretical giounds, but it is felt that 
sufficient analogy existed between rheumatism and tuberculosis to make 
the significance of the skm test possibly similai The results obtained 
seem to have justified this assumption It might be felt, too, that 
lheumatic subjects who are known to have frequent infections of the 
uppei respiratory tiact owe their skm sensitivity to these frequent 
infections and not to an underlying rheumatic condition The evidence, 
howevei, suggests a closer relationship between positive leactions to 
intradeimal injections and the rheumatic manifestations Sub- 
jects -who are suffeimg from acute diseases other than lheumatic 
conditions tend to give negative leactions dui mg the acute stages of 
then illness and later, positive reactions , this has also been the experience 
of Mackenzie and Hanger 12 A similar phenomenon occurs with the 

15 Menzer, A Die Aetiologie des acuten Gelenkrheumatismus, Berlin 1902, 
Ztschr f klm Med 47 109, 1902 

16 Zinsser, H Bull N Y Acad Med 11 351, 1928 

17 Swift H F , Derick, C L, and Hitchcock, C H Bacterial Allergy to 
Nonhemoljtic Streptococci in Its Relation to Rheumatic Fever, J A M A 90 906 
(March) 1928 Swift, H F, and Kinsella, R Bacteriologic Studies m Rheu- 
matic Fe\er, Arch Int Med 19 381 (June) 1917 
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Dick reaction Rheumatic childien, on the other hand, show a positive 
intiadeimal reaction dui mg the acute phase and tend to be negative 
during convalescence 

Dochez and Stevens 10 were able to watch the changing lesponse to 
inti adermal injections in rabbits immunized against an erysipelas strain 
of stieptococcus They found that an early negative phase was suc- 
ceeded by a positive skin reaction and that this phase m turn could be 
subdivided into a primary stage m which the reaction was neutializable 
and m which a reaction did not occui when the filtrate was boiled and 
into a second stage m which the reaction was not neutralizable and m 
which the filtiate if heated gave use to reactions as extensive as those 
produced previously The flat positive reaction followed by the 
induiated positive reaction m acute and subacute rheumatism and chorea 
aie sti iking analogies to those leactions which were descubed by Dochez 
in the early stages of immunization In his work and m the work 
piesented in this paper, the positive response to mtradeimal injections 
was followed by a period of negativity Only one of the patients was 
followed sufficiently closely to show a late return to the positive leaction, 
although three further instances occurred in which, after a period of 
negativity, the reaction again became positive Although lacking com- 
pleteness, these studies show the same trend as do those of Dochez m 
experimental allergy and thus link an allergy to stieptococcus infections 
due to a wide variety of oigamsms with the picture of rheumatic fever 
In the small group of cases in which an ovei whelming cardiac infection 
occurred, the skin tests became negative This was true for all the 
filtrate tests made on each subject and also for the Dick test The Dick 
test also tended to be less positive during acute lheumatic conditions 
than it was after convalescence In other words, the Dick test varied 
in lheumatic childien as it does in other children during acute infections, 
while the behavior of stieptococcus filtiates in fulminating carditis may 
be due to the same factors or may be explained by desensitization 

The low peicentage of positive Dick tests occurring m this rheumatic 
group m which one would rather imagine it to run parallel with the 
high percentage of positive reactions with other filtrates was, at first 
sight, sui prising It was also difficult at first to conceive how one 
diverse group of streptococci could sensitize rheumatic children, while 
with other smaller equally diverse groups rheumatic subjects seemed as 
little or less susceptible than the controls A possible explanation for 
both these differences may be found m the varying ability which different 
strains of stieptococci possess in stimulating antitoxin production. 
Infection with the scarlet fever strain or strains usually lesults in the 
production of circulating antitoxin and of considerable 'immunity to 
the disease This is not always demonstrable in other diseases of 
sti eptococcic origin in which the patient fiequently remains susceptible 
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It is thought that the low incidence of positive Dick reactions compared 
with the high incidence of positive reactions to intradermal injections 
of filtrates of other strains of streptococci may be coi related with the 
varying ability of diffei ent strains of streptococci to produce a neutral- 
izing antitoxin According to this theoiy, one would suppose that 
rheumatic subjects were hypersensitive to all streptococci from an early 
age, and that this increased sensitivity was masked in the case of scarla- 
tinal and some other strains by the production of circulating antitoxin 
Thus, the group of children with the low percentage of positive Dick 
tests would be that group most frequently infected by streptococci in 
general, and would show a high percentage of positive skm reactions 
to those other strains On the other hand, among the controls in whom 
less infection with organisms of the upper respiratory tract had occurred, 
sensitivity to one organism, e g , the scarlet fever streptococcus, would 
be paralleled with sensitivity to others, and the infection would haie 
been insufficient to mask sensitivity by the production of antitoxin 

The technic of neutralization of products of streptococci with sup- 
posedly immune serum is less satisfactory than neutralization of the 
Dick toxin In most of the persons who gave negative reactions to 
the filtrates, antitoxin could be demonstrated in the blood, but neutraliza- 
tion tests with such serums were not invariably successful, that is, in 
one or sometimes two of a group of four subjects on whom neutraliza- 
tion tests were made, neutralization could not be accomplished Such 
tests were least successful when made on subjects in the subacute stage 
of rheumatic fever and chorea who showed an induration m the skm 
test with sensitivity to the heated filtrate Difficulty was not experienced 
in neutralizing those tests in which the positive reaction occurred only 
with the unheated filtrate and the reaction was not indurated The 
ability to neutralize such intradermal tests was first pointed out by 
Dochez and Sherman 18 and by Dochez and Stevens 10 working with 
erysipelas and scailet fever strains of streptococci No differences 
could be shown in the antitoxin titer of the serums taken from 
rheumatic subjects at different stages of the disease, and it is con- 
jectured that the response of the lheumatic person does not involve to 
any extent the mechanism of antitoxin production 

The percentage of positive reactors among the control series of 
nonrheumatic children seems significant Several of them showed the 
raised positive leaction similar to that occurring in rheumatic subjects 
None, however, had a history or physical signs of rheumatic infection 
It is probable that some difference exists m the tissues of rheumatic 

18 Dochez, A R , and Sherman, L Proc Soc Exper Biol & Med 22 282, 
1925 
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subjects which, with the acquired allergy to organisms common m the 
throat, determines the specific characters of rheumatic fever and chorea 

It would be lash to asseit, on the basis of these observations, that m 
suitable persons all strains of stieptococci could cause rheumatic fever 
and choiea What seems probable is that rheumatic fever is an 
allergic lesponse to common stieptococci and occurs in certain persons 
whose tissues foi some leason respond differently It is possible to 
demonstrate this hypersensitiveness by using the products of all types 
of streptococci for intradeimal injections The possibility of rheumatic 
fevei being caused by a ceitam special group of streptococci is not ruled 
out, for m this case the positive skm reactions to other strains could 
be explained by the nonspecific lesponse of the tissues to an antigenic 
fi action common to a large group of streptococci One feels, however, 
that this would be unlikely because of the heterogenous group of strep- 
tococci to be found m the tissues and throats of rheumatic subjects, and 
that at least the members of the wide anhemolytic group are most prob- 
ably implicated 

SUMMARY 

1 The streptococci of the upper respiratory tract of lheumatic 
children aie identical culturally and immunologically with those from 
normal children 

2 Persons suffering from rheumatic fever show marked sensitivity 
of the skin to filtiates from a wide group of those streptococci either 
from rheumatic or normal subjects 

3 This sensitivity is most marked in the acute stages of rheumatic 
fever and choiea, especially when acute carditis is not present It is 
least maiked when the subjects are clinically well 

4 In those cases m which the skm reactions are followed over a 
period of time, it is possible to divide the skm reactions into definite 
phases which are analogous to ceitam cases of expenmental allergy 

5 These observations indicate a definite relationship between 
lheumatic fever and streptococcal infections, but do not implicate any 
particular stiam of organism It is suggested that the rheumatic syn- 
drome is an allergic response of ceitam predisposed persons to the 
common streptococci of the upper respiratory tract 
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Constitutional Inadequacies An Introduction to the Studv of 
Abnormal Constitutions By Nicola Pende, MD, Professor of Clinical 
Medicine, Royal University of Genoa, Italy Translated by Sante Naccarati, 
M D , Sc D , Ph D , Associate Professor of Nervous and Mental Diseases, 
Post-Graduate Medical School of New York, New York City With a fore- 
word by George Draper, M D , Assistant Professor of Clinical Medicine, Col- 
lege of Physicians and Surgeons, Columbia University, Chief of Constitution 
Clinic, Presbyterian Hospital, New York City Price, $3 50 Pp 270, with 
index Philadelphia Lea & Febiger, 1928 

Shaw has taken us “back to Methuselah” , Pende takes us back to Hippocrates 
and Galen This interesting monograph is a presentation, in the language of 
twentieth century biology and medicine, of the ancient idea of preponderance of 
specific humors or elements giving rise to the individual characteristics of a person 
By constitution the author understands the hereditary potentialities of the indi- 
vidual protoplasm as modified by individual experience “Constitution is determined 
principally by the internal evolutionary destiny assigned to each individual at the 
moment of conception ” 

We have no quarrel with this definition except the phrase “at the moment of 
conception ” Of course, it is clearly established that hereditary factors are present 
in the germ cells before the moment of conception Nothing is given to the germ 
cells m the way of evolutionary potentials at the moment of conception except 
that which results from an admixture of the two germ cells This conception of 
constitution is probably true, but is certainly not new 

According to Dr Pende constitutional inadequacies are such defects or injuries, 
either originally hereditary potentialities or accidentally induced by environment, 
that prevent perfect internal coordination and perfect adjustment to the external 
environment Such constitutional inadequacies constitute or lead to disease 

In the second chapter the author gives anthropometric measurements from which 
the attempt is made to predict the kind of constitutional inadequacies (diseases) 
that the person is apt to develop during the different stages of life Like other 
authors of this school, Dr Pende is strong on classification He analyzes, criticizes, 
rejects or adopts elements of classification by previous authors who have written 
on constitutional pathology or disease as the expression of defects m the constitu- 
tion To what extent this type of work will advance medicine depends on the 
quantitative accuracy of the measurements or tests and on a number of persons 
included in the measurements At present the whole matter is essentially an 
interesting working hypothesis It has led to nothing definite in either therapy 
or prophylaxis 

Unfortunately, the volume is marred by a great many ambiguities We are 
unable to state (not being familiar with the original Italian) whether these ambigu- 
ities are due to Dr Pende or to the translator, Dr Naccarati Possibly' some of 
the ambiguities are inherent in the theory, but occasionally they seem to be due 
merely to the love on the part of the author or the translator of sonorous sounds 
For example “in the case of familial constitutional hypertonia that I have observed 
the habitus of the patients corresponded to the megalosplanchnic hyperpituitary, 
hypergenital and hyperadrenal constitution This accords well with the stimulatory 
action exerted upon the cardio-arterial muscular tonus by the genital, neuro- 
hypophysial and adrenal hormones, especially after puberty, and enables us to 
understand also how another constitutional anomaly coordinated with the preceding 
in these same individuals might be a vaso-motor nervous hyperexcitabihty, a 
tendency to angiospasm, a neuropathic diathesis, predominantly sympathicotonic 
since the aforesaid hormones stimulate the sympathetic tonus and excitability” 
(P 156) 
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The accounts of the natural history and probable phylogeny of the primates 
from lemurs to men, and the analysis of the skeletal remains of our human and 
prehuman ancestors, with its wealth of pictorial illustration, seem to be intended 
for general readers, but they will not find it easy Fondness for sonorous poly- 
syllables gives evidence of great erudition, but one wonders how far the lay readers 
will go into description of this sort “In hylobates the brachiating type of locomo- 
tion has replaced the pronograde specialization of lower primates ” 

Interlarded with these chapters are technical neurologic descriptions wdnch are 
beyond the grasp of any but expert neurologists and which even for these are 
tantalizing because of their incompleteness and in some places their inaccuracy 
The obvious things are pointed out with tedious reiteration, but the details of 
interest to neurologists are notably lacking This leaves one with a feeling of 
exasperation, for w'hen one expects exact description and illustration, one finds 
too often only banalities The method of preparation of the measurements, indexes 
and reconstructions of internal organs of the brain stem are not given with suffi- 
cient precision to enable the critical reader to evaluate them, or in some cases 
to understand them Illustrations are given of reconstructions of the gray matter 
of the brain stem of eleven species of primates, including man When the pictures 
of reconstructions of the human brain stem are compared with the drawings of 
Weed’s carefully made model, they seem to have little resemblance Why is 
this ? The photographs of the gross specimens leave much to be desired, and 
the accompanying key drawings, which we should expect to supplement the photo- 
graphs, are too sketchy to add anything of value 

There is undoubtedly much of interest in these volumes, but as one puts them 
back on the shelf it is with a feeling of disappointment that so large a labor 
and so good a manufactured product, on the publisher’s part, should be so blemished 
by inaccuracies and deficiencies as to fall far short of what a scientific treatise 
should be 

Low Blood Pressure Its Cause and Significance By J F Halls Dally 
Price, §5 New York William Wood & Company, 1928 

In recent years there has been a decided tendency toward interest in the 
subject of low blood pressure, perhaps because some of us are tired of the ques- 
tion of high blood pressure The present book was written in the hope of pre- 
senting this subject from a broad biologic point of view The general discussion 
of the physiologic significance of blood pressure is excellently given, then the 
author proceeds to the question of low arterial pressure, particularly in regard to 
its etiology The standpoint is taken that patients with low arterial pressure may 
be considered as having a low vitality secondary to constitutional or to nutritional 
disorders or disturbances of the endocrine glands It is assumed that a change 
occurs m the “acid-base tissue balance,” so that these patients are much more 
likely to have a high ratio of alkali to acid in the urine This biochemical change 
is given considerable emphasis without, however, a sufficient presentation of the 
actual facts underlying this supposed abnormality of metabolism At any rate 
there is an excellent review of all the other views of the etiology of hypotension 
followed by a complete discussion of the multitude of conditions and diseases in 
which low blood pressure may be found 

The diagnosis and prognosis are intelligently discussed, and the chapter on the 
general management of low arterial pressure includes most of the measures which 
have been agreed on as beneficial for hyposthenic persons In this chapter, how- 
ever, one finds such suggestions as the subcutaneous injection of oxygen as a 
treatment Organotherapy also is prescribed m a rather uncritical fashion, com- 
prising extracts of thyroid, pituitary, suprarenal and gonadal glands either singly 
or combined It is unfortunate that this last chapter contains a considerable amount 
of uncritical therapy 

On the whole, howev er, this book represents an excellent review with a thorough 
discussion of most of the significant literature on the subject of low blood pressure, 
and should be of value to all who are interested in this field of cardiovascular 
conditions 
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PRODUCTION OF RENAL INJURY IN THE WPIITE 
RAT BY THE PROTEIN OF THE DIET 

DEPENDENCE OF THE INJURY ON THE DURATION OF FEEDING, 
AND ON THE AMOUNT AND KIND OF PROTEIN 

L H NEWBURGH, MD 

AND 

A C CURTIS, MD 

ANN ARBOR, MICH 

In 1919/ and again m 1923, 2 one of us (L H N ) reported the 
pioduction of structural damage to the kidneys of rabbits by feeding 
them diets which contained laige amounts of several kinds of piotem 
These experiments weie adversely criticized on four scores 1 The 
frequent spontaneous occunence of lenal lesions m the labbit made 
it difficult to prove that any given injury was caused by the expen- 
mental pioceduie 2 The herbivoious labbit, habituated to a dietary 
low m protein, was a poor test object if the results aie to be tians- 
feired to man 3 The diets were inadequate 4 The lesions weie 
due to the acidity of the urme 

In reply to these criticisms, we began to feed propei ly constituted 
diets containing vaiymg amounts and kinds of protein to white rats 
Dunng the ensuing interval of four years, a number of mvestigatois 
have descnbed the state of the kidneys of white lats which have eaten 
high piotem diets Some of these obseiveis have noted well estab- 
lished lesions, whereas others failed to find satisfactory evidence of 
disease We believe that we are able to explain this disagieement 
m the light of our own lesults We will accordingly report oui 
experiments and then deal with the publication of other workeis 

EXPERIMENTAL WORK 

We have earned out our feeding experiments according to the 
well known plan devised by Feny 3 

' From the Department of Internal Medicine, Medical School, University of 
Michigan 

■"The expenses of this imestigation were defrayed m part by grants from 
Parke, Davis & Co , and from the Fellowship Corporation 

1 Newburgh, L H Production of Bright’s Disease Through Feeding High 
Protein Diets, Arch Int Med 24 359 (Oct) 1919 

2 Newburgh, L H , and Clarkson, S Renal Injury Produced in Rabbits 
by Diets Containing Meat, Arch Int Med 32 850 (Dec ) 1923 

3 Ferry, Edna L J Lab & Clin Med 5 735, 1920 
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In order to supply adequate amounts of vitamins and salts, every 
rat, after being- weaned, received daily 1 tablet containing 50 mg of 
yeast extract The diet itself contained 3 pei cent of a tested cod liver 
oil and 4 5 per cent of the salt mixture described by Osborne and 
Mendel, when the protein was casein Somewhat smaller amounts of 
the salt mixture were used when beef muscle or liver was the souice 
of protein, because these materials contain considerable quantities of 
the various salts The remaining ingredients of the diets were lard, 
cornstarch and protein As the percentage of protein increased, the 
cornstarch was correspondingly decreased and finally omitted In the 
case of diets high in protein, the percentage of lard was also decreased 


Dtcts Containing Casein 


(1) About 7% Protein 


(2) About 10% Protein 


(3) About 15% Protein 


Gm 

Gm 


Gm 

Casein 

SO 

Casein 

12 0 

Casein 

18 0 

Lard 

24 5 

Lard 

Zi 5 

Lard 

215 

Corn starch 

60 0 

Coin starch 

560 

Corn starch 

500 

Salt mixture 

4 5 

Salt mixture 

4 5 

Salt mixture 

4 5 

Cod liver oil 

30 

Cod liver oil 

30 

Cod liver oil 

30 

(4) About 20% Protein 

100 0 

(5) About 26% Protein 

100 0 

(6) About 32% Protein 

100 0 

Gm 

Gm 


Gm 

Casein 

25 0 

Casein 

32 0 

Casein 

39 0 

Lard 

24 5 

Lard 

245 

Lard 

24 5 

Corn starch 

43 0 

Corn starch 

36 0 

Corn starch 

29 0 

Salt mixture 

45 

Salt mixture 

45 

Salt mixture 

45 

Cod liver oil 

30 

Cod liver oil 

30 

Cod liver oil 

30 


100 0 


100 0 


100 0 

(7) About 01 % Protein 



Salt Mixture 


Gm 





Casein 

75 0 

Calcium carbonate 

134 8 

Citric acid 111 1 

Lard 

17 5 

Magnesium carbonate 

24 2 

Pernc citrate 

6 34 

Salt 

45 

Sodium carbonate 

34 2 

Potassium iodide 

0 020 

Cod lner oil 

30 

Potassium carbonate 

1413 

Magnesium sulphate 

0 079 



Orthophosphoric acid 

103 2 

Sodium fluoride 

0 248 



Hydrochloric acid 

534 

Potassium aluminum 




Sulphuric acid 

92 

sulphate 

0 0245 


The beef muscle proteins used in the diets were obtained from a 
manufacturer who stated that the material was made fioin fresh lean 
beef, mechanically freed of fat, rapidly dried and ground to a powder 
Our analyses of samples showed that it contained 12 5 per cent nitro- 
gen and about 10 per cent of ether soluble substances It was assumed 
that all of the nitrogen was m the form of protein (NX6 25) and 
that 100 Gm of the powder accordingly contains 78 Gm of protein 
Since the beef furnishes a physiologic mixture of inorganic salts, 
the amount of the artificial mixture used was decreased as the per- 
centage of beef m the diet was increased 

The third group of diets, the composition of which is given, was 
employed to study the effect of vegetable proteins on the kidneys 
Since the seeds used contain at most 25 per cent of protein, this method 
of feeding vegetable proteins does not permit the construction of a 
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diet containing enough of these proteins to test the question m hand 
unless they are incorporated m a diet which also contains some other 
protein m concentrated form Diets of the type commonly used by 
McCollum 4 weie selected for this purpose, since his long experience 
has shown them to be adequate 


Diets Containing Beef Muscle Piotcms 


(8) About 12% Protein 

Gm 

Beef US 

Lard 24 5 

Com starch 53 7 

Salt mixture 4 0 

Cod liver oil 3 0 

100 0 

(11) About 31% Protein 

Gm 

Beef 39 5 

Lard 21 0 

Corn starch 33 8 

Salt mixture 2 7 

Cod liver oil 3 0 


100 0 


(9) About 17% Protein 



Gm 

Beef 

22 3 

Lard 

24 5 

Com starch 

46 7 

Salt mixture 

35 

Cod liver oil 

30 


100 0 


(12) About 38% Protein 

Gm 

481 

Beef 

Lard 

20 0 

Com starch 

26 6 

Salt mixture 

23 

Cod liver oil 

3 0 


100 0 


(10) About 24% Protein 



Gm 

Beef 

310 

Lard 

24 5 

Com starch 

385 

Salt mixture 

31 

Cod liver oil 

30 

(13) About 72% Protein 

100 0 

Gm 

Beef 

925 

Lard 

35 

Salt mixture 

10 

Cod liver oil 

30 


100 0 


Diets Containing Vegetable Pioteins 


(14) About 18% Protein 



Gm 

Wheat 

30 0 

Maize 

220 

Peas 

20 0 

Beans 

200 

Casein 

35 

Cod liver oil 

20 

Sodium chloride 

10 

Sodium carbonate 

15 


100 0 

( 16 ) About 32% Protein 

Gm 

Wheat 

20 0 

Maize 

205 

Peas 

20 0 

Beans 

15 0 

Casein 

20 0 

Cod liver oil 

20 

Sodium chloride 

10 

Sodium carbonate 

15 


100 0 


(15) About 25%. Protein 



Gm 

Wheat 

30 0 

Maize 

200 

Peas 

18 0 

Beans 

15 0 

Casein 

125 

Cod liver oil 

20 

Sodium chloride 

10 

Sodium carbonate 

15 


100 0 

(17) About 89% Protein 

Gm 

Wheat 

17 0 

Maize 

10 5 

Peas 

23 0 

Beans 

19 5 

Casern 

25 5 

Cod liver oil 

20 

Sodium chloride 

10 

Sodium carbonate 

15 


100 0 


In order to obtain information m legal d to the effect of nucleopro- 
tem on the kidneys, a group of diets containing beef liver is being fed. 
Results from the following diet aie available foi comparison with those 
obtained from the foiegomg diets Fresh beef liver is minced, spread 
m a thm layer m bioad pans, dried at about 70 C and ground to a 
coarse powder 

4 McCollum and Simmons Newer Knowledge of Nutrition, New York, 
The Macmillan Company, 1925 
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The renal injury provoked by high protein diets might be caused 
by the extra work required of the kidneys m removing the unusually 
large amount of nitrogenous end-products In order to increase the 
excretory work of the kidneys, urea m amounts sufficient to equal 
the nitrogen metabolism of a diet containing 40 per cent of protein 
was added to an otherwise normal diet For this purpose, diet number 
3 was used, and cornstarch was replaced by uiea on the basis of the 
following calculations A 40 per cent diet contains 6 4 per cent 
nitrogen and an 18 per cent casein diet, 2 88 per cent, therefore, 3 52 
per cent nitrogen must be added Urea contains 46 5 per cent nitrogen 
Accordingly, the inclusion of 7 5 7 Gm of urea m 100 Gm of a 
diet containing 18 per cent of casein will satisfy the requuements 
The diet used is given as diet 19 


Diet Containing Beef Live) 


Liver 

(18) About 11% Total Nitrogen 

SO 0 Gm 

Lard 


16 0 Gm 

Salt mixture 


1 0 Gm 

Cod liver oil 


8 0 Gm 



100 OGm 


Diet with Uiea Substituted foi Comstaich 


(19) 

Orea 

7 57 Gm 

Casern 

18 00 Gm 

Lard 

24 00 Gm 

Com stareb 

43 00 Gm 

Salt mixture 

4 50 Gm 

Cod liver oil 

3 00 Gm 


100 07 Gm 


We have used two standaid methods of obtaining evidence m 
regard to the state of the kidneys, namely, urinalysis and histologic 
examination In an earlier paper, we described a simple appaiatus 5 for 
obtaining satisfactory samples of urine 

Both the experience in the clinic and that of laboratory workers, 
who have examined the urine of animals, has taught us that urine which 
contains neither albumin noi casts is coming from normal kidneys, 
and that the presence of much albumin and especially the occurrence 
of numerous casts is a reliable sign of disease of the kidneys This 
latter statement, however, should be modified by noting several 
■exceptions Albuminuria without casts is found m human beings m 
the form of orthostatic albuminuria, and transient albuminuria may be 

5 Curtis, A C, and Newburgh, L H Toxic Action of Cystine on the 
Kidney, Arch Int Med 39 817 (June) 1927 
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produced by violent exercise In experimental animals, the acidified 
urine often becomes opalescent or even cloudy on being boiled Those 
exceptional cases of albuminuria do not indicate disease of the kid- 
neys, and accordingly makes the detection of albumin a less reliable 
sign of disease of the kidneys than the observation of casts The 
literature, howevei, does not contain any account of the occurrence of 
heavy albuminuria m the urine of laboratory animals the kidneys of 
which were free from disease After diligent search, a few investi- 
gators have noted one or two casts m the urinary sediment of laboratory 
animals the kidneys of which were assumed to be normal The easy 
detection of casts, however, is accepted as a reliable sign of renal 
abnormality 

Table 1 — The Effect of Time and of the Amount of Protein on the Occurrence 

of Casts * 


Per Cent of 


Protein 

Days 60 

120 

180 

300 

360 

420 

480 

8 

V 

V 

V 


IV 




0 

0 

0 


0 



12 

X 

V 

V 

IX 

VIII 

I 

V 


10 

0 

0 

0 

12f 

0 

20 

18 

XVII 

XIX 

XV 

XXI 

XVIII 

XI 

VIII 


0 

5 

7 

9# 

I7t 

27 

12 

25 

XV 

XXII 

XXIII 

XXII 

XVII 

X 

VII 


6 

23 

70 

57 

53 

50 

86 

32 

XII 

XVII 

XXIV 

xvin 

XXII 

XII 

X 


0 

41 

79 

66 

91 

100 

100 

39 

XII 

XXVII 

XXV 

XX 

XX 

XIII 

VII 


17 

55 

92 

100 

100 

100 

100 

75 

VIII 

VIII 

VIII 

VIII 


VI 



100 

100 

100 

100 


100 



* The Roman numerals indicate the number of annuals the urine of which was examined 
The Arabic numerals give the per cent of urines m which one or more easts were found 

t The one animal of the group, the urine of which contained casts, also had hematuria 
At autopsy, infarction of the left kidney was found 

# One of the two animals of the group, the urines of which contained casts, was obviously 
ill It was found dead a few days later 

1 One of the three animals of the group, the urine of which contained casts, had an acute 
Infection from which it died three hours after the urine was obtained 


CORRELATION BETWEEN AMOUNT OF PROTEIN AND EXTENT 

OF RENAL INJURY 

With this background m mind, we undertook routine examination of 
the urine of the animals for the presence of albumin and of casts 
We hoped thus to be able to answer m a broad way two questions 1 
Is a high protein diet injurious to the kidneys of the rat 7 2 If injurious, 
what is the largest amount of piotem that may be habitually eaten 
without haimmg the rat’s kidneys 7 

In table 1, we have brought together our obsei vations m 565 
twenty- four hour specimens The question of albuminuria is omitted 
for the sake of simplicity The animals aie grouped according to the 
amount of piotem contained in the diet, regardless of the dand The 



806 


ARCHIVES OF INTERNAL MEDICINE 


table shows the number of animals from which specimens weie obtained 
and how man} of them contained casts The urines were, as a rule, 
examined every second month The animals used for this study were 
those that received diets numbers 1 to 17, inclusive Thus, m the first 
table, protein is regarded as a single factor legardless of its type The 
data contained in the table lead clearly to several conclusions The per- 
centage of animals, the urine of which contains casts, increases as the 
protein of the diet leaches the higher concentrations Diets the protein 
content of which is 18 per cent or less exhibit only a minor and an 
irregular tendency to cause cyhndruria The factor of time is marked 
as an agency which increases the percentage of urines containing casts 
when the protein of the diet is 25 per cent or more, but appears to have 
only a trivial and irregular effect when the dietary protein is low 

The information contained in table 1 possesses an inherent weakness 
since it lacks the means of forming any opinion about the degree of 


Table 2 — Relation between the Amount of Dietaiy Piotein and the Numbei of 
Casts and Pei Cent of Albumin m the Unite 


Per Cent 
of 

Dietary 


240 Days 



480 Days 


Animals, 

Albumin, 

Casts, 

Animals, 

Albumin, 

'\ 

Casts, 

Protein 

Number 

per Cent 

Number 

Number 

per Cent 

Number 

12 

3 

0 

0 

5 

02 

4 

IS 

11 

0 

3 

10 

0 

4 

25 

8 

0 

0 

6 

OG 

83 

32 

7 

0 

44 

12 

08 

351 

39 

9 

02 

52 

10 

04 

652 

75 

15 

03 

1,412 

4* 

14 

4,705 


* Only two animals m this group were alive at 480 dajs The averages recorded m the 
table were obtained from counts made on the 410th day 


injury caused by the protein The difference between urines recorded 
as normal and abnormal might he only one cast, m which case the injury 
would be negligible, or, 1,000 casts would be indicative of a significant 
amount of injury In order to overcome this difficulty, the casts have 
been counted in a considerable number of urines by the method described 
by Addis G The percentage of protein m the same specimens has been 
determined by the method of Folin 6 7 

Table 2 show s the aveiage number of casts and the average amount 
of albumin m the twenty-four hour samples of urine in relation to the 
concentration of protein in the diet and the duration of the feeding 
When the number of casts is used as a measure of renal injury, it 
becomes evident that diets containing 12 and 18 per cent of protein aie 
harmless Twenty-five per cent of protein causes a small injury if the 
diet is continued more than a year Thirty-two and thirty-nine per 

6 Addis T Clinical Classification of Bright’s Diseases, J A M A 85 
163 (Jub 18) 1925 

7 Folm J Biol Chem 18 283, 1914 
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cent of piotem cause the appeal ance of an abnoimally latge numbei of 
casts m eight months, and the liijuiy becomes slowly moie maiked 
dining the second eight months When the diet contains 7 5 pei cent 
of piotem, the injuiy is well established in eight months and mci eases 
gieatly duiing the subsequent months 

CORRELATION BETWEEN KIND OF PROTEIN AND EXTENT 

OF RENAL INJURY 

The data dealt with thus fai show cleat ly that the degiee of damage 
to the kidney (measuied by the uiinaiy obseivations) is detei mined by 
the amount of piotem in the diet for sinnlai mteivals of time We wish 
now to bring foith evidence intended to show how gieatly the degiee 
of nepln opathy depends on the kind of piotem ingested 

Tabif 3 — Relation between the Type of Piotem and the Degiee of Renal Injuiy 
when the Piotem is One Thvd of the Diet 


Cusein 
Beef muscle 


150 Days 


240 Days 

A 


t 

Albumin, 
per Cent 

01 

03 


Oasts, 

Number 

37 

00 


r 

Albumin, 
per Cent 

01 
1 1 


Casts, 

Number 

312 

1,444 


Tabu: 4— Relation between the Type of Piotem and the Degiee of Renal Injuiy 
when the Piotem is TInce Fouiths of the Diet 


Casein 
Beef muscle 
Liver 


240 Dnvs 

, ' 

Albumin, Cnsts, 

per Cent Number 

0 2 783 

0 5 2,130 

3 0 8,900 


450 Days 

/ * 

Albumin, Casts, 

pei Cent Number 

0 5 992 

1 5 5,900 


Table 3 gives the aveiage pei cent of albumin and the numbei of 
casts m twenty-foui hour specimens of mine foi gioups of lats, one 
thud of whose diet consisted eithei of casein oi of lean beef muscle 
Table 4 is constructed in the same way to compaie casein, beef 
muscle and livei when approximately thiee fouiths of the diet is piotem 
These two tables bung out the fact that the nature of the piotem 
fed is at least as linpoitant a factoi as the amount of piotem in both 
the pioduction of injuiy and m the degiee of injury This statement 
derives fuithei support from the couise of events in the case of the 
lats that received the liver diet These five animals, all of which 
showed the heavy albummuiia and the gieat numbei s of casts, were 
unable to suivive the diet a yeai Four of them lived eight months 
and the fifth one, eleven and one-half months Their early failuie 
seemed the more significant, since they giew moie lapidly and leached 
a gieatei weight than any othei gioup studied 
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The importance of taking the nature of the protein into account is 
likewise strongly emphasized by a comparison of the histologic changes 
caused by the different proteins s 

Thus, the only injury obtained by us with casein was restricted to 
the tubules In animals that received diets containing 75 per cent of 
casein for more than a year, the tubules contained numerous casts and 
there was moderate degeneration of the epithelium of the convoluted 
tubules and some tubular dilatation 



Fig 1 — Diffuse tubular dilatation and atrophy, and many casts This rat ate 
a diet containing 31 per cent of beef muscle proteins for fifteen months 


Beef muscle piotems, m addition to causing a more severe tubulai 
injury, are capable of injuring the glomeruli and of causing a patchy 
fibiosis Figuie 1, which is a photomicrograph from a rat that had 

8 For microscopic stud}, we used only kidne>s from animals that were 
killed by a blow on the head Immediate autopsy was performed, and the 
tissues were hurried into formaldehyde solution, thus, any possible confusion due 
to postmortem change was avoided The standard technic for paraffin sections 
was followed The sections were stained with hematox}lin and eosin 
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eaten a diet containing 31 per cent of beef piotems for fifteen months, 
showed moie tubular mjuiy than was found m animals that had taken 
the diet containing 75 pei cent of casern foi the same length of time 
Figme 2 shows glomeiular damage fiom 31 pei cent of beef muscle 
pioteins m eighteen months Definite glomeiular lesions were not seen 
m any of the rats the diet of which contained less than 31 per cent of 
piotem noi m any of the casein senes, including even the lats that took 
diets containing 75 per cent of casein When the rats live on diets con- 
taining 38 per cent of beef muscle piotems foi moie than one yeai, a 



Fig 2 — Marked thickening of Bowman’s capsule, from a rat that took the 
diet containing 31 per cent beef muscle proteins for eighteen months 


thud sign of lenal mjuiy appears ' Figure 3 is fiom an animal that 
was killed after thnteen months of such a diet The photomicrograph 
shows one of a number of small patches of fibiosis m addition to 
glomeiular and tubulai abnormality The kidneys of old lats fiequently 
show scattered minute areas of fibiosis Osboine, Mendel, Park and 
Winternitz called attention to this increase m connective tissue in lats 
more than 500 days old, but that were otherwise presumably normal 
Figuie 3 is from an animal 420 days old The fibiotic aieas seen m sec- 
tions of kidneys fiom rats that had received the diet containing 38 per 
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cent of beef muscle protein foi from 420 to 450 days, were much largei 
and more numerous than those found by us in some of the rats of equal 
age, the diets of which contained 18 per cent of casern or beef muscle 
protein Diets containing 72 per cent of beef protein are capable of 
causing a considerable degree of fibrosis Figure 4 shows one of a num- 
ber of such patches This rat had been on the high beef diet 470 days 
when he was killed The kidneys of the large number of rats that had 
received diets containing 18 per cent of protein or less were, m geneial, 
free of fibrotic areas In a few instances, occasional minute patches 



Fig 3 — A small patch of fibrous tissue partially obliterating the glomerulus 
This rat received a diet containing 38 per cent of beef muscle proteins for fourteen 
months (420 days) 


of cellular increase were noted, they weie never large enough to 
occupy more than a portion of a high power field, and never caused 
thickening of Bowman’s capsule or injury of the tubules separated by 
the new cells The area reproduced in figure 4 is one of many found m 
the rats that had taken the 72 per cent beef protein diet for more than 
one year The laige size of this area contrasts sharply with the smallness 
of the foci seen in the low protein animals , there is at least a ten-fold 
difference Figure 5 shows in more detail, the partial fibrosis of the 
glomerulus and the destruction of the tubules m one part of a fibrotic 
patch 
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None of the casein or beef diets caused changes sufficiently gieat 
to definitely alter the gross appearance 9 of the kidneys However, 
when the diet contains 75 pei cent of beef liver, the appearance of the 
kidneys is strikingly altered In so short a time as 300 days, the outer 
surface of the kidneys had everywhere become markedly granular and 
the color had changed from the normal red-brown to gray-yellow, 
mottled with spots of purple Figure 6 is a photograph of a normal 
kidney and figure 7, the kidney of a rat that was killed after it had 
eaten the liver diet for ten months The granular character of the 
latter is evident Figures 8, 9, 10 and 11 are microscopic views of the 



Fig 4 — Area of patchy fibrosis concentrated about the glomeruli From a 
rat that ate a diet containing 72 per cent of beef muscle proteins for sixteen 
months 


9 The kidneys of rats on the higher levels of protein were larger than those 
of animals the protein intake of which was less Averages from four diets are 
contained m the accompanying table 

Our observations agree with those of earlier observers who pointed out that 
the weight of the kidney is related to the amount of protein m the diet Moise 
and Smith (Arch Path 4 530 [Oct ] 1927) published the most recent work 
dealing with the character of this increase m weight 


Per Cent of 
Protein 


Kidney 

Weight, 

Gm 


38 
25 
32 

39 


17 
17 
2.4 
2 5 


Kidney Weight 

Body Weight 

0 82 
080 
0S9 
099 
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kidney of a rat that was killed when he had taken the liver diet for 
350 days The great increase m connective tissue, especially m the laby- 
rinths, which causes contraction of the kidney m these areas, is well 
seen m figures 8 and 9 The marked cystic dilatation of some of the 
tubules, a well-known featuie m chronic nephntis of man, is likewise 
clear Various forms of glomerular injury may also be seen namely, 
great thickening of Bowman’s capsule by layers of connective tissue, 
adhesions between the capillary tufts and the capsule, lobulation of the 
glomeruli and fibrosis of some tufts 
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REVIEW or LITERATURE 

The foregoing experiments have convinced us that the injuries to 
the kidney described were caused by the protein of the diet and that 
the degree of injury depends on the concentration of the protein, its 
type and the duration of the feeding While we were carrying on our 
experiments, a number of papers dealing with this subject appeared 



Fig 6 — Normal kidney shoving the smooth surface and the mottling due to 
the stellate veins 



Fig 7 — Kidnc\ from a rat that ate a diet containing 75 per cent of dried beef 
luer for ten months , the same enlargement as figure 6 The surface is everywhere 
coarsely and finely granular, and the normal venous markings have disappeared 

Some observers reported results similar to ours, while others did not 
see any evidence of the deleterious effect of protein on the kidneys 
The three papers of Drummond, Crowden and Hill , 10 Reader and 

10 Drummond, J C , Crov den, G P , and Hill, E L G J Physiol 56- 
413, 1922 
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Drummond, 11 and of Kennedy 12 may be dealt with together The pri- 
mary interest in each is the effect of a high protein diet on leproduc- 
tion and growth A diet containing about 75 per cent of casein was used 
to test the influence of an excess of protein The iats were killed after 
they had been on the diet four months The mine was not examined 
The kidneys did not show any micioscopic abnoimalities This outcome 
com meed these authors that high protein diets do not injure the kidneys 
of iats This generalization is not wari anted by the data m their 



Fig 8 — A low power view of a section of kidney from a rat that took a diet 
containing 75 per cent of dried beef liver for twelve months Showing the bands 
of contraction most marked in the labyrinths, and the general dilatation of 
tubules in the intermediate areas 

possession The) were justified merely m stating that a high casein diet 
did not produce histologic changes in the kidneys when the animals 
were fed for the brief period of four months Had they published 
such a statement, they would have found themselves m entire agreement 

11 Reader, V B, and Drummond, J C J Physiol 59 472, 1925 

12 Kenned}, W P Quart J Exper Phjsiol 16 281, 1926 
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with us Casein, as we have already pointed out, produces only a small 
amount of mjuiy and must be fed in large amounts for a least one 
3 ear m order to obtain microscopic evidence of damage 

Addis, MacKaj and MacKay 13 fed a group of rats a diet containing 
74 per cent of casern for 330 days They considered the kidneys histo- 
logicall) noimal and found no more casts in the urine of the animals 
on the high diet than in that of the controls A careful comparison of 
their method of examining the urine with ours suggests why they did 
not find an abnormally large number of casts m the case of the rats fed 



Fig 9 — A higher power view from the same kidney as figure 8, to show a 
band of contraction m which glomeruli are not visible The dilated and atrophied 
tubules are widely separated by the connective tissue 


on a diet high in casein We collected urine for twenty-four hours, 
centrifugalized the whole specimen and pipetted off the supernatant fluid 
down to 0 1 cc All the casts voided m twenty-four hours were thus 
collected in 0 1 cc A drop of this mixed urine was placed on a counting 
chamber and 1 cmm counted We found, on the average, eight casts 
m 1 c mm in the urine thus prepared from rats that had received 75 

13 Addis, T MacKay, E M , and MacKay, L L J Biol Chem 71 139 

1 AO/C 9 
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per cent of casein for ten months Addis and his co-workers, on the 
other hand, obtained fresh urine by causing the rat to inhale a whiff of 
ether They stated that a specimen so obtained has one-tenth the volume 
of the twenty-four hour amount If their rats voided casts at the same 
late as ours, their fresh specimen would contain eighty casts Since 
their method of counting is the one used by us, they should have found 
less than one cast m the 1 c mm counted We believe that this difference 
in procedure is the basis for then statement that “An occasional cast 



Fig 10 — A still higher magnification of the section presented m figure 9, to 
show the thickening of Bowman’s capsules with extension of the connective tissue 
into the capillary tufts, and the cystic dilatation of tubules the lining of which 
resembles payment epithelium 

"as found at one time or anothei m the urine collected from nearly 
all of the experiments They were no more frequent in the high protein 
than m the control groups ” 

Jackson and Riggs 14 likewise studied the effect of a diet containing 
76 per cent of casein on the kidnejs of rats In regard to urinalysis 
they state 


14 Jackson, H, Jr, and Riggs, M D J Biol Chem 67 101, 1926 






Fig 11 —High power magnification of a glomerulus from the same kidney to 
show hyaline thickening of the capsule, adhesions of the tuft to the capsule and 
the partial obliteration of the capillary tuft 
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During the progress of the experiment, each rat was periodically placed m a 
metabolism cage and urine collected Normal rats do not show casts or red cells 
Casts were not found in any of the specimens except rarely in one of the rats 
on high protein plus alkali 

In the absence of any detailed description of the method for obtaining 
specimens, we are left with the question whether casts would not have 
been found in the urines of the rats on the high casein diets, if more 
care had been taken in the collection and pieservation of the specimens 
These investigators were also unable to detect any histologic abnormali- 
ties in the kidneys from rats that had eaten the excessne amounts of 
protein for more than one year 

Jackson and Riggs also fed two rats a diet containing 20 per cent 
of casein and 56 per cent of egg albumin, with negative results This 
diet failed to cause hypertrophy of the kidneys — a change which was 
caused by their high casein diet and the response, to a variety of high 
protein diets, obtained by all observers who have weighed the kidneys 
Furthermore, the daily urinary nitiogen from the two rats receiving egg 
albumin was 0 95 Gm , whereas the average from the high casein group 
was 121 Gm This difference corresponds with the differences m 
ingested nitrogen The casein group took 0 631 Gm per hundred 
grams of body weight, but the rats that received egg albumin took only 
0 525 Gm nitrogen per hundred grams The less intense nitrogen 
metabolism in these latter rats may, in part, account for the absence 
of signs of injur} 

Osborne, Mendel, Park and Winternitz 15 likewise stated, m several 
preliminary reports, that high casein diets did not injure the kidneys of 
rats Only five of the large number of rats fed the casein diets by them 
w ere kept on the diet more than 300 days, and in no case did the experi- 
ment last 350 days When the positive lesults, reported by Polvogt, 
McCollum and Simmonds, 16 became known to them, they noted that 
these workers had used a different type of diet and had fed their animals 
much longer They accordingly fed a similar diet, the composition of 
v Inch is as follows, to six rats, for 400 days or longer Wheat, 30 Gm , 
coin, 20 Gm , casein, 20 Gm , liver, 20 Gm , navy beans, 7 5 Gm , 
calcium carbonate, 1 5 Gm , and sodium chloride, 1 Gm 

Furtheimore, to control the old age factor, they secuied a group of 
rats, 500 days, or more, of age These animals had been fed a stock diet 
containing the usual moderate concentration of protein 

Fiom the detailed account of the histologic study of the kidneys of 
200 rats, ninety-two of which had been on diets rich m protein from 

15 Osborne, T B , Mendel, L B , Park, E A , and Winternitz, M C Am 
J Phjsiol 72 222, 1925 

16 Pohogt, L M , McCollum, E V, and Simmonds, N Bull Johns Hopkins 
Hosp 34 168, 1923 
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seven to 400 days and 108 of which weie conti ols, we consider the 
following sentences significant 17 

In many rats on the veiy rich protein diets, the dilatation of the tubules was 
marked enough to enable us to guess correctly at a glance the high protein nature 
of the feeding Dilatation of the tubules was not present or, at least not clearly 
recognizable, m the sections of other rats which were either on the high protein 
diets for short periods or else on diets in which the proportion of protein was not 
particularly large, Some rats on the high protein diets showed actual 

lesions In certain of the control animals, lesions of an exactly similar nature 
were found Eighteen rats on the high protein diets showed these lesions, 

the remaining eighteen, on very high protein diets, did not The lesions were 
severe m five of the six rats that had been on the Polvogt, McCollum and 
Simmonds diet 400 days Among the control rats, the kidneys of only five were 
affected All were 515 days old, or older The lesions were of the same type as 
those seen m the Polvogt, McCollum and Simmonds diet 

It is conceded by Osborne, Mendel, Park and Wmtemitz that the 
dilatation is caused by the diets rich m pioteni, and that animals on such 
diets develop focal lesions much moie fiequeutly and earlier than the 
conti ols But these authois appear to be m doubt in regard to the sig- 
nificance of these histologic depaitures from the normal We interpret 
them as evidence of the harmful effect of high piotem diets, and espe- 
cially so, since the severe focal lesions were found m the gioup of rats 
that received a diet containing 20 per cent of liver 

If this latter gioup is left out of consideiation it will be realized that 
the views expressed by the writeis of the papers discussed thus far weie 
derived from their experience with casein From what has already been 
said about casein, it is not difficult to understand how they reached the 
conclusion that high piotem diets are not harmful to the kidneys But 
our own experiments show clearly that it is not permissible to generalize 
about protein as if it weie an entity The most that can be learned from 
the experiments of these writers, if their work is accepted without any 
deduction, is that diets lich m casein do not mjuie the kidney But the 
inclination obtained about casein must not be transferred to protein m 
general A sharp distinction must be made between the phrases “high 
casein diets” and “high protein diets,” for we have shown that certain 
other pioteins produce an unmistakable nephiopathy 

It is for that reason, we believe, that both Evans and Risley 18 and 
Polvogt, McCollum and Simmonds obtained injury to the kidney from 
the diets used by them The composition of the diet used by the latter 
workers has already been given Their rats were killed when they had 
eaten the food 400 days In summarizing then experiments, they state 

17 Osborne, T B , Mendel, L B , Park, E A , and Wmtemitz, M C J 
Biol Chem 71 317, 1927 

18 Evans, N , and Risley, E H California & West Med 23 437, 1925 



820 


ARCHIVES OF INTERNAL MEDICINE 


‘"All the rats fed the diets high m protein had lesions of the kidneys of 
considerable seventy On the other hand, animals of middle age from 
the breeding stock all had essentially nonnal kidneys ” Evans and 
Risley used proteins from several sources including meat, peanuts, soy 
beans and wheat gluten These investigators took the precaution to send 
the animals to the pathologic laboratory, identified by number alone, so 
that the one who made the histologic examination of the kidneys did not 
have any knowledge of the diet the animal had received They found 
that animals fed on high protein lations for prolonged periods showed 
nephritic changes without exception 

Finally, Moise and Smith 10 accentuated any effect of diet by 
unilateral nephrectomy Such animals were fed either an 18 per cent 
or an 85 per cent casein diet They did noc observe any significant 
anatomic evidence of renal injury in the animals on the “standard” diet 
In animals that had been on high casein ration for 90, 120 and 150 
days after nephrectomy, however, “significant” glomerular and tubular 
changes were tound without exception The lesions were not merely 
isolated focal changes but were conspicuous and relatively widespread 
They included prolifeiation of the epitnehum of Bowman’s capsule, 
adhesions between the tuft and capsule, fibious thickening of the capsule, 
partial fibrosis of the tuft, degenerative changes m the tubular epithelium 
and areas showing an increase m the interstitial tissue They also found 
casts and a markedly increased amount of albumin m the urines of rats 
on the high casein diet, after eighty-eight days These experiments show 
that severe kidney disease may be caused in a relatively short period of 
time by a protein even as mildly irritating as casern, when its effect is 
borne by only one kidney 

The renal injury that is caused by diets containing an excess of pro- 
tein might be brought into existence in many ways Addis 13 has shown 
that it is not due to a change in the hydrogen ion concentration of the 
urine One of us (L H N ) 1 was unable to find any of the dietary 
protein m the blood oi urine No one has demonstrated the presence of 
toxins in the systemic circulation, resulting from bacterial decomposition 
of the protein in the intestines The addition of large amounts of urea 
to an otherwise normal diet to increase the excretory work of the kidneys 
failed to cause hypertrophy m the hands of Osborne, Mendel, Park and 
Wmtermtz, Hmman, 20 or Addis, MacRay and MacKay 

COMMENT 

Our own urea diet number 19, which caused the rat to excrete an 
amount of urinary nitrogen equivalent to that yielded by a diet contain- 
ing 40 per cent of protein, was fed to a group of rats for one year In 

19 Moise, T S , and Smith, A H Effect of High Protein Diet on Kidneys, 
Arch Path 4 530 (Oct ) 1927 

20 Hmman, F J Urol 9 289, 1923 
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no case did we obtain evidence from the urine, or by nucioscopic exami- 
nation of the kidneys, that the prolonged excretion of this large amount 
of nitrogen was harmful to the kidneys, nor did this diet in which the 
urea content was high cause any enlargement of the kidneys The 
increase in size caused by high protein diets is apparently something 
more than a response to increased activity It appears to have a more 
specific cause 

Positive evidence dealing with the mechanism of the protein injury 
has been obtained by studying the effect of the ammo-acids Our injec- 
tion 21 and feeding experiments 5 have shown that some of the ammo- 
acids resulting from the digestion of protein are nephrotoxic We 
obtained the most striking evidence of injuiy from the injection of 
cystine and of tryptophan Casein is low in these ammo-acids, whereas 
muscle protein is relatively rich in both of them We believe that these 
differences in the ammo-acid make-up of these two proteins is, at present, 
the best explanation for the difference m the degree of nephrotoxicity 
shown by them 

SUMMARY 

The effect of diets containing several different proteins m varying 
concentrations on the kidneys of the white rat has been studied Casein, 
beef muscle, beef liver and the seeds of cereals and legumes were used 
as the sources of the proteins 

It was found that the degree of injury was determined by the type 
of protein, its concentration and the length of the feeding 

The character of the protein is more important than either of the 
two other factors 

Diets containing 75 per cent of dried liver produce a granular kidney 
in less than one year, but the same amount of casein, fed sixteen months, 
causes only a moderate tubular injury The effect of a similar amount 
of beef muscle is intermediate between these two The surface of the 
kidney remains smooth, but microscopic sections show numerous areas 
in which seriously injured glomeruli and neciotic tubules are embedded 
in fibrotic tissue 


21 Newburgh, L Ii , and Marsh, P L Renal Injuries by Ammo-acids, 
Arch Tnt Med 36 682 (Nov ) 1925 



GENERALIZED GRANULOMATOUS LYMPHADENITIS 
ASSOCIATED WITH DIFFUSE PROGRESSIVE 
FIBROSIS OF THE LUNGS * 

CHARLES L CONNOR, MD 

BOSTON 

It is thought that the following case should be recorded because of 
the apparently unique combination of lesions which were severe enough 
to cause death It needs little comment It does not resemble any other 
disease entity which I have been able to find, but, on the contrary, the 
clinical signs and symptoms are so clearcut that it seems to present an 
entity m itself The clinical course and pathologic observations do not 
correspond with any clinical or pathologic condition within the knowl- 
edge of a consideiable number of clinicians and pathologists who have 
seen the case But because of these clearcut featuies, a similar case m the 
future might be lecogmzed in time to peimit a more complex study of 
the condition I have been unable to find anything lemotely resembling 
it in the litei ature As complete a description as possible is therefore 
given, only impertinent details being omitted 

REPORT OF CASE 

Chnical Histoiy — A boy, aged 16, entered the Montreal General Hospital, 
March 2, 1927, in the service of Dr C P Howard, complaining of a lump in the 
left groin, slight cough and vague pain over the pit of the stomach He had one 
brother and five sisters, who were alive and well , his parents were also well 
With the exception of the common childhood infections, he had not had any 
serious illness Three weeks before admission, while playing, he had struck his 
left groin with the edge of a chair The immediate pain was slight and transient, 
and he continued work as a check-room boy Two days after the injury, he began 
to have frequency and urgency of urination, and a lump was discovered in the 
left grom on the following day He continued work, but five days after the 
injury, the lump became painful, and it was found that the temperature was 
elevated Little could be found out about the patient’s condition during the eleven 
days previous to admission to the hospital, except that deep respirations had caused 
pain in the region of the umbilicus , that he had contracted a slight cough and that 
he had had fever and, for the last four or five nights, night sweats The pain in 
the grom had disappeared 

Physical Examination — On admission, the patient had a hacking cough with 
little sputum, vague pain in the epigastrium, and generalized glandular enlargement, 
including the cervical, axillary, epitrochlear and inguinal glands No single gland 
felt larger than 2 cm in diameter The largest mass in the left grom formed a 
nodular group from 3 to 4 cm m diameter 


* From the Pathological Laboratories of the Montreal General Hospital and 
the Department of Pathology, Harvard Medical School 
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The tonsils were not visibly enlarged, the throat was normal There was 
dulness to percussion on the right side m the axilla, and from the scapula to the 
base, impaired resonance w'as also noted at the base of the left lung A friction 
sound was heard at the bases of both lungs, and many crepitant rales on both 
sides, low, and m the axilla on the right There was some retrosternal dulness 
The heart was not enlarged, and murmurs were not heard The spleen was readily 
felt , it had a thin, sharp edge A few red spots w'ere present on the thorax, which 
were palpable , these did not resemble rose spots The pulse rate was 100 and was 
dicrotic and regular The temperature was 102 F The blood count revealed 
red cells, a normal number, white ceils, 17,400 with 80 per cent polymorpho- 
nuclears The urine was normal for albumin, sugar and casts , the specific gravity 
was 1012 The Wassermann reaction was 4-4*+ Examination of the sputum, 
which w f as small in amount, show'ed it to be blood tinged , tubercle bacilli were not 
present, a few' diplococci were found A mouse that was given mtraperitoneal 
injections remained well, it was killed and no exudate was found Culture of 
the blood did not show growth in four days The x-ray diagnosis (Dr W L 
Ritchie) w'as as follow's “There are shadows throughout the lungs, particularly 
the bases, suggestive of infiltration due to tuberculosis No evidence of any fluid 
No mediastinal thickening Heart normal in size, shape and position ” The 
clinical impressions were acute pneumonic phthisis with tuberculous adenitis, 
infectious mononucleosis or a lymphatic tumor The Pirquet reaction was nega- 
tive A second blood count showed red blood cells, 5,150,000 , white blood cells, 
19,800, polymorphonuclears, 88 per cent, lymphocytes, 11 per cent, large mono- 
nuclears, 1 per cent, platelets, 240,000, and reticulated red cells, 0 5 per cent Tw'o 
other counts gave similar results 

There were few other symptoms The temperature ranged from 99 6 to 104 F , 
the pulse rate from 100 to 140, and the respiratory rate from 20 to 40, most of the 
time it was about 28 A second Pirquet reaction w r as negative The dulness m the 
lung spread so that latterly the signs w'ere those of a bilateral lobar pneumonia 
The temperature dropped, the pulse rate mounted, and the patient died eleven 
days after admission, after an illness lasting thirty days 

Autopsy — Autopsy was performed six hours after death The body w'as that 
of a slender boy, wdiose stated age was 16, but who looked two years younger It 
w'as well developed and w r ell nourished, but there w r as no pubic hair, and little hair 
over the chest and axillae The body measured 153’ cm in length There w'as 
no rigor mortis or edema, and only slight lividity of the dependent parts There 
w'as an abraded, reddened area about 4 cm in diameter over the point of the right 
elbow The scalp, eyes, ears, nose and mouth w'ere normal The pupils were equal 
and measured 7 mm A comparatively large lobulated mass of nodes could be 
palpated m the inguinal regions of both sides Smaller palpable nodes were 
present m each axilla and m the neck The thyroid was not enlarged The 
genital organs were small The skm was smooth, pale and elastic The sub- 
cutaneous fat measured about 1 cm and was of normal color 

The peritoneum was moist throughout, and about 300 cc of pale yellow, clear 
liquid w r as present m the pelvis There w'ere no adhesions, and the peritoneum w'as 
smooth (Smears from the liquid contained a few large mononuclear cells, and 
bacteria w'ere not revealed by Gram or acid-fast stains ) The abdominal organs 
w'ere m their normal positions The appendix did not show' any lesion The 
mesenteric lymph nodes were greatly enlarged and seemed to be increased m 
number, but w'ere of about normal consistency (fig 1) A cross-section show'ed 
only hyperplasia without evidence of tuberculosis 
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-A mass of enlarged mesentenc lymph nodes, photogiaph after fixation 


Fig 2 — Cut surface of the left lung showing generalized fibrosis The right 
lung is similar m appearance, photograph after fixation by Kaiserhng’s method 
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The pleural cavity contained about 30 cc of liquid on each side, and m it there 
were a few flocculent masses Both pleural surfaces were covered with a thin 
layer of fibrin There were no old adhesions The pericardial cavity contained 
clear liquid, which was not increased in amount The heart weighed 240 Gm 
The pericardium, endocardium, myocardium and valves did not show any gross 
lesions The measurements were within normal limits 

The weight of the lungs was right, 740 Gm , left, 600 Gm Both lungs seemed 
to be completely consolidated There was no place where crepitation could be 
made out They were doughy and inelastic on palpation The bronchi contained 
small amounts of mucoid exudate A thin layer of fibrin covered most of the 
surfaces of both lungs On section, the cut surface had a brick red, fleshy appear- 



Fig 3 — Photograph of spleen after Kaiserhng fixation 


ance, and was somewhat granular The granules were pale, lighter in color than 
the background, but were not palpable, they did not seem to be tubercles The 
cut surface of both lungs was uniform, having the same appearance throughout 
(fig 2) Large lesions, exudate or areas of caseation or of old fibrosis were not 
present The lung was fairly dry, only a small amount of blood could be squeezed 
out, and no other liquid or pus 

The spleen weighed 380 Gm It was greatly enlarged and brick red , the con- 
sistency was somewhat decreased over the normal The capsule was of the usual 
thickness, smooth and not tense The cut surface had a coarsely granular appear- 
ance, was grayish red, and had somewhat the appearance of the cut surface of 
the lung (fig 3) The granules were barely palpable, pale and firm, but not tuber- 
culous The pulp was not excessive , little could be scraped away with the knife 





Fig 4 — The appearance of the lung is that of a chronic progressing fibrosing 
condition rather than the organization of a previouslj acute inflammatory lesion 
Giemsa stain , X 50 
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The gastro-mtestinal tract uas opened from the esophagus to the anus but a 
lesion was not found The pancreas itself was normal but around it, particularly 
along the splenic artery and at the head of the pancreas, there were numerous 
enlarged lymph nodes The liver weighed 1,400 Gm It seemed somewhat enlarged 
for the sire of the child, but was normal in shape and in appearance The cut 
surface was brownish gray, and showed the usual normal markings The gall- 
bladder and ducts did not contain any lesions 

The weight of the kidneys was right, 140 Gm , left, ISO Gm They were 
essentially the same m appearance The capsules stripped casil>, showing a smooth 
surface The cortex was 06 cm in width, was regulai and did not contain scars 



Fig 6 — Fibroblastic proliferation m one of the splenic corpuscles Hema- 
toxylin and cosm stain , X 50 


1 he medulla and cortex showed moderate edema and congestion, but no other 
gross lesion 


Hiere were no gross lesions in the suprarenals, bladder and genital organs 
The testes were small and soft The aorta was essentially normal Around it the 
retroperitoneal glands were greatly enlarged up to the diaphragm The bone 
marrow was red, although there were some small patches of fatly marrow This 
was taken from the femur 


Several chains of lymph nodes were dissected out from both inguinal regions 
and from the neck These were mostly soft and appeared to be hyperplastic with- 
out evidence of acute or chronic infection One node from the inguinal region 
contained a mass of fibrous tissue in the center, and several others were rather 
firm and contained more fibrous tissue than usual Caseation was not found m any 




Fig 7 — Endothelial proliferation and the character of the cells present in the 
spleen Giemsa stain, X 800 



Fig 8 — Proliferative lesion in the center of a lymphoid nodule Giemsa stain, 
X 50 
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of the nodes, nor v\as there any other evidence of a localized lesion within the 
nodes This seemed to be a generalized lymphatic hyperplasia or tumefaction, the 
nature of which was not apparent from gross examination alone 

Mtcioscopic Examination -—The pericardium and endocardium did not show 
any lesion The muscle of the heart was well preserved There was slight inter- 
stitial edema 

There was a peculiar organizing process throughout both lungs Most of the 
alveolar walls were thickened with recent fibroblastic cells, and much of the lung 
substance had been replaced by fibrous tissue The reaction was more interstitial 



Fig 9 — Mesenteric lymph node showing fibrosis of cortex, obstruction of 
peripheral sinuses, thickening and infiltration of the capsule and infiltration of the 
surrounding fat Hematoxylin and eosm stain, X 20 


and peribronchial than alveolar The few alveolar spaces remaining contained a 
large cell exudate or were clear A few contained small amounts of hyaline fibrin 
The picture was not that of the usual organizing pneumonia (fig 4) The recently 
formed fibrous tissue did not follow the course of strands of fibrin in the usual 
manner Many alveoli were plugged or obliterated by connective tissue and newly 
formed capillaries, but these plugs were continuous with and inseparable from the 
fibroblastic changes m the alveolar walls Around the bronchi and bronchioles 
there were thick collars of fibrous tissue, and the alveoli adjacent to these seemed 
to be affected more than those at a distance 







Fig 10 — The character of the cells in the lymph nodes Giemsa stain, X 800 



Fig 11 — Endothelial and fibroblastic proliferation and capillary formation m 
I\mph node Phosphotungstic acid hematoxjlm stain, X 800 
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Embedded in, and intimately intermingled with, the fibroblasts were manv endo- 
thelial cells Some o f these were forming capillaries, w Inch were numerous , others 
were lying free in the tissue (fig 5) A rare mitotic figure was seen among these 
cells Other cells included numerous plasma cells and rare polymorphonuclear 
cells Some of the bronchi contained small amounts of polymorphonuclear and 
mononuclear cell exudate 

Phosphotungstic acid hematoxylin and Giemsa’s stain were used to studv the 
intercellular substance and the cell types These showed only more clearly the 
fibroblastic and endothelial cell proliferation, and emphasized the number of 
plasma cells present Definite organisms could not be seen m the Giemsa prepara- 



Fig 12 Cellular portion of lymph node resembling Hodgkin’s disease, for 
comparison with figure 13 Giemsa stain, X 800 

tions, and bacilli were not found in sections stained for acid-fast organisms 
Levaditi preparations did not show any spirochetes 

The pleura contained a thin layer of fibrin on the surface embedded m which 
were small numbers of polymorphonuclear cells and lymphoc 3 'tes 

The spleen was cellular throughout, containing little blood A fibrosing process 
was present which affected particularly the splenic corpuscles (fig 6) These 
were present m increased numbers and prominence and most of them contained 
a proliferative lesion around the central arteriole Here there was active fibro- 
blastic and endothelial cell proliferation, intermingled with normal appearing 
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lymphocytes and a scattering of plasma cells and poly morphonuclear neutrophils 
(fig 7) A few eosinophils -were present, and infrequent, large, irregularly shaped 
cells with purple cytoplasm (hematoxylin and eosm) and large, irregularly shaped 
nuclei with reticulated chromatin (identical with Dorothy Reed cells) were also 
found This same process was present m less degree throughout the spleen, 
obscuring the sinuses, although in general, the normal architecture was not greatly 
altered The capillary endothelium was prominent, and rare mitotic figures w 7 ere 
present in these cells The splenic capsule was slightly or not at all thickened 
Organisms could not be found in Giemsa and Levaditi preparations 



Fig 13 Section of cerncal lymph node from a typical case of Hodgkin’s 
disease, for comparison with figure 12 Hematoxylin and eosin stain, X 800 


Ihe parenchyma of the liver appeared to be normal There was no increase m 
the fibrous tissue, and no cellular infiltration The bile ducts were normal The 
pancreas and suprarenals did not show r any lesions The kidneys were only 
moderately congested Recent or old lesions w r ere not seen There was no cellular 
infiltration Spermatogenesis was not active Spermatozoa were not present m the 
testis, and there rvas no proliferation of spermatids The tubules w 7 ere separated 
by wide bands of stroma, as were also the tubules of the epididymis Insterstitial 
cells seemed to be present m the usual number The bladder and prostate did not 
show 7 any lesions 



CONNOR— GRANULOMATOUS Li MPH WEN1TI S 


833 


Nearly all the nodes contained a granulomatous lesion in which there was more 
or less fibrosis (fig 8) Few if any lymphoid nodules were present, and germinal 
centers were rare In most of the glands the peripheral sinuses could not be seen , 
they were either collapsed or filled with fibrous tissue and cells Many of the 
medullary sinuses were also obscured by an overgrowth of a similar nature, 
though some were recognizable The capsules, as a rule, delimited the gland 
sharply, but one section showed two nodes with united capsules due to cellular 
and fibroblastic infiltration A large mesenteric node showed cellular infiltration, 
not only into the thickened capsule, but also into the surrounding fat (fig 9) The 
nodes showed fibroblastic-endothelial cell proliferation throughout, but in places 



Fig 14 — Endothelial (or reticular) hyperplasia, showing the predominant cell 
types in the bone marrow Giemsa stain , X 800 


there was condensation of the connective tissue, mostly m what appeared to be 
the centers of obliterated lymphoid nodules The cells present included endothelial 
cells, plasma cells, lymphocytes and rare polymorphonuclear neutrophils (fig 10) 
Eosinophils were extremely rare, only one or two were found m eight sections 
Large, irregularly shaped cells with large nuclei, occasionally two nuclei, were 
infrequent, but a few were seen in each node These were identical with the 
tumor cells (Dorothy Reed cells) of Hodgkin’s disease Mitotic figures were not 
numerous, but were seen in endothelial cells and m other undifferentiated cells 
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(figs 11, 12, 13) The exact nature of the lesion could not be determined It 
resembled Hodgkin’s disease, but in general was more of a chronic inflammatory 
lesion 

There was moderate diffuse hjperplasia of the bone marrow Most of the fat 
cells were separated by distended sinusoids filled with cells These cells w'ere 
mostly of one type — fairly large cells with purple cytoplasm and round nuclei 
(fig 14) In most cells the chromatin was abundant, but scattered, forming no 
particular pattern within the nucleus Cells of similar appearance were seen 
attached to the w'alls of capillaries and sinuses Myelocytes w'ere rare, and no 
nucleated red cells w r ere seen Megakaryocytes were present in normal or m 
slightly increased numbers Pigment w>as not present, and organisms were not 
seen in Giemsa preparations 

SUMMARY 

The case of a boy with a chronic progressive condition of the lungs, 
lymph nodes and spleen which lasted for thirty days, and which ended 
with massive consolidation of the lungs is recorded At autopsy there 
was widespread enlargement of the lymph node, a diffuse fibrosis of both 
lungs and a large somewhat granular spleen The bone mariow was 
moderately hyperplastic Histologically, there were fibrosis, endothelial 
cell proliferation and cellular infiltration of the lymph nodes of a 
definitely inflammatory chaiacter, but in some places closely resembling 
the sclerosing lymphosarcoma of Hodgkins’ disease The spleen and 
lungs showed similar pictures, the histology of the lung being that of a 
chronic progressing fibrosis rather than the organization of a previous 
acute exudative lesion The causative organism was not found 



EXPERIMENTAL UREMIA-UREMIC ENTERITIS 


M H STREICHER, MD 

CHICAGO 

The puipose of this expenmental study uas (a) to produce a dis- 
tutbance in a dog that paiallels the clinical featuies of uremia, ( b ) to 
study the effects of such a distui bailee on the gastio-mtestinal canal, 
and (c) to aruve at a possible explanation of uremia on a chemical 
basis As urea is the principal constituent of the urine, I naturally 
employed this metabolite as the uiemia-producing substance 

Visceial distui bances in uiemia aie fiequently so pronounced that 
the wi iters of the nineteenth century often lefened to this condition as 
visceral uremia The literatuie on this subject is profuse and at wide 
vanance I, theiefore, will consider only a few leferences which deal 
dnectly with the pioblem 

REVIEW OF THE LITERATURE 

The chemical theory of Wilson in 1833 ascribes uiemia as due to the 
letention of urea m the blood stream This theory met with considerable 
opposition and was primarily contested by Freiichs (1852), Herker 
(1898), Ritter (1880) and Bouchard (1887) 

In 1860, the anatomic theory became tempoianly popular through 
the researches of Traube, who believed that uremia was caused by edema 
of the bram and consequent distui bances m circulation 

In 1889, Biown-Sequard published his theory on internal secretion 
and descnbed the causation of uremia as due to failure of kidney secre- 
tion 

Since 1889, little advance had been made on the subject until 1912, 
when Folin and his co-workers 1 mtioduced accurate methods for 
chemical analysis of the blood and the urine 

Considerable data have been accumulated by Mai shall, 2 Van Slyke, 3 
Myeis and Fine, 4 Denis, Austin and Farr, 1 McLean and Selling, 6 

* From the Department of Medicine, Research and Educational Hospital, 
Umversitj of Illinois College of Medicine 

1 Folin and Farmer J Biol Chem 11*493, 1912 Folin ibid 11 50 7, 
1912 Folm and Macallum ibid 11 523, 1912 Folin and Denis ibid 11:527 

1912 

2 Marshall J Biol Chem 14 283, 1913, ibid 15*487, 1913, ibid 15.495 

1913 

3 Van Slyke and Cullen J Biol Chem 19 211, 1914, ibid 24*117, 1916 

4 Myers and Fine J Biol Chem 20 391, 1915 

5 Farr and Austin J E\per Med 18 22 8, 1913 

6 McLean and Selling J Biol Chem 19 31, 1914 
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Schwartz and McGill 7 and Chace and Myeis 8 9 on the retention of non- 
protem nitrogen, urea nitrogen and uric acid It is interesting to note 
that Vanquehn and Segales, m 1822, weie the first to record intravenous 
injections of urea in animals In 1858, Hammond interfered with 
the kidneys while making injections of urea, and found that the injec- 
tions were fatal In some animals, one uieter was ligated and it was 
found that after a short time the remaining functioning kidney would 
take care of as much urea as both kidneys pievious to the operation, 
indicating a high margin of safety In 1920, Wells 0 was inclined to 
the view that uremia was caused by the retention of the known 
nitrogenous substances in the blood, and emphasized especially the 
importance of the time element 

Experiments with the Woodyatt machine to determine the effects of 
prolonged intravenous injections of the various purified urinary con- 
stituents were recommended as being highly essential for further prog- 
ress An interesting set of experiments was carried out by Andrews 10 
(1927), in which a chemical picture simulating uremia was reproduced 
by intravenous injection of a 5 pei cent saline solution 

MATERIALS AND METHODS 

Dogs were repeatedly injected with from 10 to 20 per cent urea (Merck) 
solution (at body temperature) intravenously, 200 cc was given daily for three 
days at the rate of from 1 to 5 cc a minute Dietary restrictions were not used 
except in one group of controls 

General anesthesia was necessary only in some instances The injections were 
made by means of a Woodyatt pump into the femoral vein No evidence of 
hemolysis was present The animals were kept m individual cages and were care- 
fully controlled, samples of the heart’s blood, feces and urine of each animal 
were collected at twenty-four hour intervals for chemical analysis Necropsy 
was performed on all the dogs soon after the death The viscera were examined 
and sections were made for histologic study 

One ureter had been ligated in many instances 

EXPERIMENTAL WORK 

In about 40 per cent of the dogs, a picture similar to that of uremic 
coma, the so-called “Kussmaul picture,” was produced after a single 
injection of 200 cc of 10 or 20 per cent solution of urea, and m prac- 
tically 100 per cent of the animals, coma was invariably produced after 
the second or third injection 

7 Schwartz and McGill Blood Urea, Arch Int Med 17 42 (Jan ) 1916 

8 Chace, A F , and Myers, V C The Value of Recent Laboratory Tests 
in the Diagnosis and Treatment of Nephritis, J A M A 67 929 (Sept 23) 1916 

9 Wells Chemical Pathology, Philadelphia, W B Saunders Company, 1920 

10 Andrews, Edmund Experimental Uremia, Arch Int Med 40 548 (Oct) 

1927 
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A repi csentalne example of each group of experiments is included m 
the following reports 

The experiments on dog 1 represent a group in which the right 
ureter had been ligated and food has been allowed 

Dog 1 —A female dog, weighing 15 6 Kg received 200 cc of 10 per cent urea 
solution daily for three days Salivation was noticed after 100 cc of the solution 
was injected Vomiting occurred after 200 cc was injected, and dyspnea and rest- 
lessness after the injection of 300 cc 

An injection of 400 cc of the solution produced generalized tremors and 
500 cc , convulsions 

Bloody diarrhea, retraction of the head and neck, unconsciousness and death 
followed the injection of 600 cc of the solution of urea 

lhe chemical analysis of this animal is included in the group represented by 
table 1 

The necropsy report revealed that the entire gastro-intestinal canal was 
markedly injected and hyperemic, there was no evidence of ulcerations The left 
kidney was apparently normal in gross The right kidney was distended with 
fluid and the medullary substance disappeared entirely The lungs showed 
marked hyperemia The liver was dark and full of blood 

Histologic examination showed marked enteritis of the gastro-mlestmal canal 
The liver was congested, and there was marked engorgement Cloudy swelling 
of epithelium, and hyperemia were noted m the kidney Hyperemia was observed 
m the lung No other changes were noted 

Dog 2 is representative of a group in which the right ureter had 
been ligated, but no food given 

Dog 2 — A female dog, weighing 143 Kg, received 200 cc of a 10 per cent 
solution of urea daily for three days The animal followed the same course as 
dog 1 The chemical analysis is demonstrated by table 2 The necropsy observa- 
tions and results of the histologic examination were identical with those made on 
dog 1 

This set of experiments was instituted to determine what effect, 
if any, limitation of food would have on the chemical analysis of the 
excretory products 

Dog 3 is i epresentative of a group m which the right ureter had 
been ligated and food was given, and dog 4 of the group m which both 
ureters remained intact, and food given 

Dog 3 A female, weighing 16 5 Kg, received 200 cc of a 20 per cent solution 
daily for three days (table 3) 

Dog 4 — A female, weighing 16 2 Kg, received 200 cc of a 20 per cent solu- 
tion daily for three days (table 4) 

RESULTS 

The chemical observations made during the various sets of experi- 
ments are shown in figuies 1 and 2 
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Two hundred cubic centimcteis of 10 per cent solution was given daily for three days, rite of injection, 5 cc a minute 





Fig 1 — Experimental uremia, showing the calcium-postassium ratio In this 
case the right ureter was ligated 



Fig 2 — Experimental uremia, showing the calcium-potassium ratio In this 
case the ureter was not ligated 
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The outstanding featmes of these expeiiments aie as follows (a) 
a piogressive acidosis demonstiated by a maiked fall m caibon dioxide 
content, ( b ) a marked fall m proteins in the blood is evident m the 
decrease of the lefiaclometnc index, ( c ) maiked use m mine chlorides, 
( d ) disturbance m the calcium — potassium latio (the latio approaching 
1 or 1 plus) , ( e ) maiked increase m uiea in the blood, (/) a positive 
(-f"+) test foi albumin m urine is constant 

Table 4 gives the chemical analysis of nine dogs m which the 
uretei had not been ligated It is of intei est to point out the maiked 
parallelism of these results as compaied with lesults m all other animals 
m which the uretei had been ligated 



Fig 3 — Pathologic changes in the intestine — a marked enteritis and congestion 
There is no evidence of ulceration 


The pathologic obseivations made fiom the experiments are shown 
m figuies 3, 4, 5 and 6 

No other observations of consequence were found and, theiefore, 
othei examinations of the tissues are not reported 

COMMENT 

Uiea — On careful analysis of the output of urea m the form of 
ammonia nitrogen and uiea nitrogen, it is evident that only about 25 
pei cent is lecovered m the urine and feces, therefore, the concentiation 
of uiea m the blood was studied caiefully Two hundred cubic cen- 
timetei s of a 20 pei cent solution of uiea was injected mtiavenously 
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Fig 5 — Photomicrographs of a kidney showing normal glomerulus and several 
convoluted tubules in which marked obstruction of the lumen is evident Con- 
siderable hyperemia and marked cloudy swelling of the epithelium may be noted 
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injections of urea bring about disturbances of the osmotic equilibrium 
under conditions of acidosis much the same as the sodium chlonde will, 
and that the mechanism of production of the uremic symptoms is the 
same, that is, that owing to changes in cell permeability, toxic nitrog- 
enous products are allowed to leak into the circulation 

Although slight histologic changes in the liver were noted in my 
expel iments, the mine from two of the animals was studied lmrnu- 
nologically by Dr Thomas and shown to react in high dilutions to liver 
protein 



Fig 6 — Showing considerable edema of the alveolar walls and hyperemia of 
the lungs 

Cat bon Dioxide Content — The decrease in carbon dioxide from 
about 50 to 30 cc was constant and strikingly similar to that of the 
acidosis of uremic coma m the human being 

Kussmaul Pictuie — The usual progression of symptoms of muscle 
irritability, albuminuria, acidosis, vomiting, diarrhea, convulsions, 
Cheyne-Stokes breathing and coma and death, appeared constantly 
tegardless of whethei the ureter had been ligated or remained intact 
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With this in mind and the fact that on histologic survey so few changes 
were found m the kidneys, I am inclined to believe that involvement of 
the kidney is not pertinent to the production m a dog of distuibance 
which markedly parallels uremic coma m the human being 

Blood Ptesswe — The blood pressure invariably went up in the 
animals used m these expenments, using as high as 200 01 220 mm 
(McGregor method) 



Fig 7 — Experimental uremia Showing the reaction of urea in the blood 
after the intravenous injection of a 20 per cent solution of urea three times daily 


CONCLUSIONS 

1 Clinical uremia may be reproduced m all its features by the intra- 
venous injection of from 10 to 20 per cent of a solution of urea 

2 Intravenous injections of from 10 to 20 per cent of a solution 
of urea produces a marked enteritis 

3 All features of uremia may be reproduced m presence of both 
kidneys 
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Many different methods have been employed m the anatomic study 
of the blood vessels, and all of these have been applied at one tune or 
anothei m the study of the coronary circulation The most important 
of these piocedures may be grouped undei the following headings 

1 Dissection 

2 Intravascular injection of dyes and other substances without clearing, 
roentgenography or corrosion 

3 Serial sections 

4 Impregnation methods 

5 Injection of an opaque substance followed by roentgenography 

6 Injection of a suitable mass followed by clearing 

7 Injection of a -comparatively stable mass followed by maceration or 
corrosion 

REVIEW OF TECHNICAL METHODS 

Dissection, m the hands of Galen, Vieussens and Haller, gave the 
first knowledge of the blood supply of the heart This method, although 
its limitations are at once apparent, has been and always will be utilized 
by eveiy earnest student of the coronary circulation A systematic con- 
sideration of this field cannot be complete without cai ef ul control by dis- 
section 

The injection of dyes and other substances for the purpose of 
recognizing the blood vessels, m gross as well as m microscopic sections, 

1 Vieussens, quoted by Dragneff (footnote 12, first reference) 

2 Lee, A B The Microtomist’s Vade-Mecum, ed 7, Philadelphia, P 
Blakiston’s Son & Company, 1913, p 258 

3 Bellarminow Zur Techmk der Korrosion von Celloidmpraparaten, 
Anat Anz 3 650, 1888 Hinman, Frank, Morison, D M, and Lee-Brown, 
R K Methods of Demonstrating the Circulation in General, JAMA 
81 177 (July 21) 1923 Polano, O Beitrage zur Anatomie der Lymphbahnen 
im menschlichen Eierstock, Monatschr f Geburtsh u Gynak 17 281, 1903 

4 Mayer, Paul Zoomikrotechnik, Berlin, Gebruder Bornbraeger, 1920, 
p 516 Schneider, quoted by Mayer Terry, W I, and Delamere, G S 
Arterial Circulation of Thyroid Adenomas, Arch Surg 8 165 (Jan ) 1924 
Wearn, J T Extent of Capillary Bed and Role of Thebesian Vessels in 
Coronari Circulation Proc Soc Exper Biol & Med 23 707, 1925-1926 
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has been extensively used for many years As this is one of the oldei 
methods, vanous substances have been utilized, fiom time to time, to 
suit the particular pui pose of the vanous 1m estigators, some of whom 
employed dyes such as saffron , 1 carmine , 2 Pi ussian blue , 3 and India mk 1 
and silver nitrate , 5 m aqueous solutions, m gelatin G or mixed with various 
other ingredients 7 Otheis have expenmented with injection masses 
including wax , 8 staich mixtures , 9 plaster of Pans , 10 glue , 11 glaziei’s 
putty 12 (Teichmann’s linseed oil masses 13 ), asphalt 11 (dissolved in ben- 
zene, ether or chlorofoim), India rubber 15 (m carbon bisulphide) ; gum 
arabic 10 (Bjeloussow’s mass), sodium silicate , 17 oil of sesame, 1S shellac 19 

5 Golubew, W Z Ueber die Blutgefasse der Niere der Saugetiere und 
des Menschen, Internat Monatschr f Anat u Physiol 10 547, 1893 

6 Amenonuya, R Ueber die Beziehungen zwischen Koronararterien und 
Papillarmuskeln lm Herzen, Virchow’s Arch f path Anat 199 187, 1910 
Golubew (footnote 5) Muller, W Injectionsmassen von Thiersch und W 
Muller, Arch f mikr Anat 1 148, 1865 Rouhault, Simon, quoted Unna 
(footnote 7, second reference) 

7 Gerota Zur Technik der Lymphgefassinjection Eine neue Injection- 
masse fur Lymphgefasse-Polychrome Injection, Anat Anz 12 216, 1896 Unna, 
Paul Untersuchungen uber die Lymph- und Blut-gefasse der ausseren Haut 
mit besonderer Berucksichtigung der Haarfolhkel, Arch f mikr Anat 72 161, 
1908 

8 Abernethv, J Observations on the Foramina Thebesn of the Heart, 
Phil Tr , London, 1798, p 103 Munroe, A , quoted by Unna (footnote 7, second 
reference) Swammerdamm, quoted by Bruhl (footnote 48) and Unna (footnote 
7, second reference) 

9 Gage, S H Starch Injection-Mass, J Roy Micr Soc 8 1056, 1888 
Meyer, Hermann Modificirte Form der Kleistennjection, Arch f Anat u 
Entwcklngsgesch , 1882, p 60, Fernere Mittheilung uber die Kleistennjection, 
ibid, 1883, p 277 Pansch, A Noch einmal die Kleistennjection, ibid 6 76, 
1881, Kalte Injection mit Kleistermasse, ibid, 1877, p 480 Wikszemski, Adam 
Eme Modification der von Pansch empfohlenen kalten Injection mit Kleister- 
masse, ibid , 1880, p 232 

10 Bianchi, S, quoted by Spalteholz Cohnheim and von Schulthess-Rech- 
berg Ueber die Folgen der Kranzartenenverschliessung fur des Herz, 
Virchow’s Arch f path Anat 85 503, 1881 Erdos, Johann Erne Methode 
zur Injektion der Blutgefasse nut kaltflussiger Masse, Anat Anz 3 261, 1888 

11 Muller (footnote 6, third reference) 

12 Dragneff, Stephane Recherches anatomiques sur les arteres coronaries 
du coeur chez 1’homme, Bibliog Anatomique 4*111, 1896 Teichmann, L 
Injection-Mass, J Roy Micr Soc 2 125 and 716, 1882 

13 Kollmann, J Teichmann’s Cold Injection, J Roj Micr Soc 15 704, 
1895 

14 Budge, Albrecht Die Saftbahnen im hvalmen Knorpel, Arch f mikr 
Anat 14 65, 1877 

15 Frank, F, quoted by Majer (footnote 4) 

16 Erdos (footnote 10, third reference) 

17 Jachtchinsky, S Sur 1’emploi du silicate de soude (verre liquide) 
cornme substance a injector pour les preparations macroscopiques du systeme 
vasculaire, Anat Anz 24 204, 1903 Roger, quoted b} Unna (footnote 7, second 
reference) 
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(dissolved in alcohol), thymol 20 (Wywodzen’s mass) and meicury 21 No 
matter which substance was used, without further modifications the 
method could never be of much value except in micioscopic work 

Serial sections are valuable foi more minute woilc Reconstructions 
have been made from sections , 22 but obviously they can only serve for 
the study of limited aieas 

Methods of silver impregnation used by Hoyer and Unna depend 
on the fact that silver nitrate, when injected into the blood vessels or 
applied to sections of tissue, will deposit silver granules in the endothelial 
cells This technic has proved of great value in the study of the 

18 Taguchi, quoted by Unna (footnote 7, second reference) 

19 Hoyer, H Beitrage zur anatomischen und histologischen Technik, 
Arch f mikr Anat 13 645, 1877 Schuberg Zur Injektionstechnik, Zool Anz 
16 142, 1893 

20 Wywodzen, D Wywodzen’s Injecting Material, J Roy -Micr Soc 
2 717, 1882 

21 Nuck, quoted by Bruhl (footnote 48) 

22 Gross, Louis The Blood Supply to the Heart, New York, Paul B 
Hoeber, 1921, p 152 

23 Haschek, E, and Lindenthal, O T Ein Beitrag zur praktischen Ver- 
werthung der Photographic nach Rontgen, Wien klin Wchnschr 9 63, 1896 

24 Dutto, Uberto Photographies du systeme arteriel obtenues avec les 
rayons de Rontgen, Arch ital de biol 25 320, 1896 

25 Braus, Hermann Ueber Photogramme von Metallinjection mittelst 
Rontgen-Strahlen, Anat, Anz 11 625, 189b Esar, Paul Intravitale fullung 
des Gefassystems nut Kontrastmitteln, Klin Wchnschr 3 280, 1924 Fryett, 
A G Stereoscopic Plates of the Heart, Showing Injected Coronary Arteries, 
Arch Roentg Ray 10 206, 1905, Radiograph of Heart, Coronary Vein Injected, 
ibid, p 236 Glew, F H Radiogram of the Arterial System of an Injected 
Infant, ibid 4 24, 1899 Leopold and Leisewitz, quoted by Vogt (footnote 32) 
Musgrove, C , quoted by Ferguson (footnote 35) Oberhelman, H A , and LeCount, 
E R Variations in the Anastomosis of the Coronary Arteries and their 
Sequences, J A M A 82 1321 (April 26) 1924 Stiles, H J , quoted by Hin- 
man, Morison and Lee-Brown (footnote 3, second reference) 

26 Delkeskamp, Gustav Das Verhalten der Knochenarterien bei Knochen- 
erkrankungen und Frakturen, Fortschr a d Geb d Rontgenstrahlen 10 219, 
1906-1907 Fraenkel, E Ueber die Blutgefassversorgung des Wurmfortsatzes, 
ibid 9 1 , 1905-1906 Hildebrand Ueber die Methode, durch Embringen von 
schattengebenden Flussigkeiten Hohlorgane des Korpers un Rontgenogramm 
sichtbar zu machen, ibid 11 96, 1907 Lexer, E Die Entstehung entzundhcher 
Knochenherde und lhre Beziehung zu den Arterienverzweigungen der Knochen, 
Arch f klin Chir 71 1, 1903 Opitz Drei Aktinogramme von einem Arteno- 
sklerotiker und emem mit graue Salbe mjizierten Praparate, Fortschr a d Geb 
d Rontgenstrahlen 1 70, 1897 Parker, G H Notes on Roentgen-Ray Injec- 
tion Masses, Anat Record 7 247, 1913 

27 Hewson, A, quoted by Gough (footnote 28, first reference) Legueu, 
Felix, Papin, Edmond, and Maingot, Georges Exploration radiographique de 
l’appareil urinaire, Pai»s Sc_ d’ed scient et med 8 243, 1913 
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smaller vessels and the capillanes, particularly in microscopic sections 
However, its field of usefulness must be limited to specialized reseal ches 
The injection of an opaque matenal followed by 1 oentgenography, 
because of the ease and rapidity with which it can be employed, has 
been used extensively in the study of the cnculation in general, and 
especially m that of the blood supply to the heart In 1896, shortly 
aftei the introduction of the roentgen ray, Teichmann’s mass 23 and 
calcium sulphate 24 were each used to inject the blood vessels, and 
satisfactory roentgenograms were obtained Since that time, many other 
opaque injection masses have been utilized These include mercury 
alone, 25 mixed with other substances, 20 mercuiy salts, 27 the salts of 
barium, 28 bismuth 20 and calcium, 30 colloidal silver, 31 led lead, 32 lead 

28 Gough, J A A Method of Injecting the Blood-Vessels for Roentgeno- 
logical Studies and Simultaneously Embalming, Anat Rec 18 193, 1920 Gross, 
Louis Studies on the Circulation of the Kidney in Relation to Architecture 
and Function of the Organ in Health and Disease, J M Research 36 327, 1917, 
footnote 22 Hinman, Morison and Lee-Brown (footnote 3, second reference) 
Smith, F M Concerning the Anatomy of the Coronary Arteries, Am J M Sc 
156 706/1918 

29 Baumgarten, W Infarction in the Heart, Am J Physiol 2 243, 1899 
Beck, E G The Stereoscopic Radiograph as an Aid to the Surgeon, Surg 
Gynec Obst 12 * 1 , 1911 Liek, E Ein weiterer experimen'eller Beitrag zur 
Frage des arteriellen Collateralkreislauf der Niere, Arch f klm Chir 106 435, 
1915 Camphbell, J , and Pennefather, C M An Investigation into the Blood- 
Supply of Muscles with Special Reference to War Surgery, Lancet 1 294, 1919 
Katzenstem, M Ueber die Moghchkeit der Ausbildung ernes arteriellen Col- 
lateralkreislaufes der Niere, Berl Klm Wchnschr 48 1651, 1911 McPhedran, 
F M , and Weyl, C N , Clinical and Physiologic Deductions from Synchronized 
Roentgen-Ray Exposures, Am J M Sc 173 313, 1927 Parker (footnote 26, 
sixth reference) Sampson, J A The Blood Supply of Uterine Myomata, 
Surg Gynec Obst 14.215, 1912 Stegman, R Ersatz des ext rpicrten Cal- 
caneus durch Drehung des Talus, Fortschr a d Geb d Rontgenstrahlen 9 396, 
1905-1906 Terry, W I Radium Emanations in Exophthalmic Goiter Blood 
Vessels of Adenomas of the Thyroid, J A M A 79 1 (July 1) 1922, foot- 
note 4, third reference 

30 Preiser, Georg Erne typische posttraumatische und zur Spontanfraktur 
fuhrende Ostitis des Naviculare Carpi, Fortschr a d Geb d Rontgenstrahlen 
15 189, 1910 Dutto (footnote 24) 

31 Franck, O , and Alwens, W Kreislaufstudien am Rontgenschirm, 
Munchen med Wchnschr 57 950, 1910 Skinner, E H Circulatory Opacity, 
Am J Roentgenol 4*75, 1912 

32 Descomps, P , de Fallestans, G , and de Lalaubie, G Technique pratique 
pour injections et radiographies de pieces anatomique, Bull et mem Soc anat 
de Paris 85 493, 1910 Amenomiya (footnote 6, first reference) Hauch Die 
Arterien der gesunden und kranken Niere im Rontgenbilde, Fortschr a d Geb 
d Rontgenstrahlen 20 172, 1913 Jamm, F, and Merkel, H Stereoscopic 
Skiagrams of the Coronary Arteries of the Human Heart under Normal and 
Pathologic Conditions, abstr , Arch Roentg Ray 11 328, 1906-1907 Preiser 
(footnote 30, first reference) Vogt, E Rontgenuntersuchungen uber die 
Arterien der normalen placenta, Fortschr a d Geb d Rontgenstrahlen 21*30 
1914 
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chromate, 33 chrome yellow, 34 vermilion, 35 sodium bromide 30 and iodized 
oils 37 Pictures obtained in this manner, particularly stereoscopic, have 
been valuable in the visualization of circulatory networks, and this 
method is the only one now known by which one can hope to study 
the blood vessels of man during life Woollard 38 stated 

By injection the x-ray pictures confirm the results already discovered by 
Spalteholz, for example, of the existence of anastomosis of the vessels of the 
heart On the whole, not much additional information has been obtained in 
this way Other methods, such as Spalteholz’s clearing method, have been 
more useful 

In 1907, Spalteholz 39 introduced a new method of studying the 
coronary circulation He injected both coronary arteries with chrome 
yellow gelatin, fixed the heart in 10 per cent solution of formaldehyde, 
bleached it with hydrogen peroxide, washed it in water, dehydrated 
it m alcohol and placed it first in benzene, then m a mixture of oil 
of wmtergreen and benzyl benzoate and finally m a special tank to 
remove all of the air and benzene By this technic, the walls of the 
heart were cleared and rendered semitransparent, and as the .injected 
vessels remained opaque, the}'' could be readily traced through the 
cleared muscular structures This method is the one by which most 
of the recent advances in the knowledge of the coionary circulation, 
such as the existence of anastomosis, the blood supply to the mitral 
valve and the blood supply to the conduction system have been worked 
out The obvious reason why this method has proved superior to the 
roentgenographic method is that the former preserves the relationship 
of the blood vessels to the parts which they supply, while this relation- 
ship is lost m the stereoscopic roentgenogram, even though it may show 
a fairly complete picture of the entire vascular tree Spalteholz’s 

33 Parker (footnote 26, sixth reference) 

34 Spalteholz, W , and Hirsch, C Coronararerien und Herzmuskel , 
Anatomische und experimentelle Untersuchungen, Deutsche med Wchnschr 
1 790, 1907 Spalteholz, W Die Arterien der Herzwand, Leipzig, 1924, p 165 

35 Ferguson, F R Roentgenological Injection Masses — Old and New, J 
Anat 59 297, 1924-1925 Hauch (footnote 32, third reference) Raw, N, quoted 
by Ferguson 

36 Hinman, Morison and Lee-Brown (footnote 3, second reference) 

37 Cadenat, F M , and Py Endarterite obliterante du tronc axillo-humeral 
droit, Reperage du siege de l’obhteration par injection intra-arterielle de lipoidol, 
Extraction du caillot sans resultat, Bull et mem Nat Soc de chir de Paris 50 
1149, 1924 Coffey, W B Angina Pectoris, ed 1, New Orleans, A J Dickinson, 
1927, p 104 Csapodj, von J Arterienphotographien vermittels Lipiodol, Klin 
Wchnschr 4 2327, 1925 Rouslacroix Exploration des arteres coronaires du 
coeur par 1’injection lipiodelee, Compt rend Soc de biol 93 1446, 1925 

38 Woollard, H Recent Advances in Anatomy, Philadelphia, P Blakiston’s 
Son & Company, 1927, vol 7, p 290 

39 Spalteholz (footnote 34, first reference) 
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method, 10 however, m spite of modifications winch have been made by 
Bayne-Jones, 11 Tandler, 4 -' Gross' 13 and Koch 11 lias some definite 
limitations The clearing is a slow piocess, and it is generally far fiom 
complete even in the smaller hearts, while m the larger ones the left 
ventricle is seldom rendered entiiely liansparent so that the pictuie of 
the coronal y circulation piesented is usually incomplete 

In many respects, the most impoitant method is that of injections 
followed by coriosion 01 maceiation The conosion is accomplished by 
allowing the injected prepaiations to remain m alkaline or stiong acid 
solutions, the maceration is accomplished by decomposition with laivae 
and putrefactive bacteria 

Swammerdamm 45 (1672), accoidmg to Unna, injected hot wax into 
the coarser blood vessels He was also cited by Biuhl who said that 
he was the first to inject a mass which would become hard 

Bidloo 10 (1685) used Rose’s metal (vide mfia) foi purposes of 
injection After the injection, he boiled the paits to decompose the 
tissues suiioundmg the vessels 

Ruysch 17 (1704) forced a metal of seciet composition into the 
coronal y vessels and then allowed larvae and maggots to attack and 
dismtegiate the muscle tissue His description of the coronal y aiteries 
has not met with the approval of later wnteis Unna, foi example, 
agieed with Hyitl that the injections made by Ruysch were, in the 
main, extiavasations and consequently inaccurate 

Bruhl 48 said that Lieberkuhn 40 (1711-1746) was the fiist to use 
true conosion He used Swammerdamm ’s mass (wax, mixed with 
fats, and stained with cinnabar) and corroded the parenchyma with 
nitnc acid Swammei damm’s mass, according to Unna, 60 was also used 
by Alexandei Monro (1730), Schachei (1710), Fabricius (1741), 
Cassebohm (1740), Barth (1773) and Prochaska (1810) 

40 Spalteholz (footnote 34, second reference) 

41 Bayne-Jones, S The Blood Vessels of the Heart Valves, Am J Anat 
21 449, 1917 

42 Tandler, J Anatonue des Herzens, in Karl von Bardeleben’s Handbuch 
der Anatonue des Menschen, Jena, Gustav Fischer, 1913, vol 3, pt 1, p 292 

43 Gross (footnote 22) , (footnote 28, second reference) 

44 Koch, Walter Ueber die Blutversorgung des Smusknotens und Etwaige 
Beziehungen des letzteren zum Atrioventrikularknoten, Munchen med Wchnschr 
56 2362, 1909 

45 Swammerdamm (footnote 8, second reference) 

46 Bidloo, quoted by Bruhl (footnote 48) 

47 Ruysch, F, quoted by Spalteholz and others 

48 Bruhl, Gustav Die anatomischen Darstellungsweisen der Hohlraume des 
Ohres und der Nase, Anat Anz 14 418, 1898 

49 Lieberkuhn, quoted by Bruhl (footnote 48) 

50 Unna (footnote 7, second reference) 
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It is to Hyrtl 51 (1855), however, that credit for most of the develop- 
ment of corrosion technic is due Bruhl called him the master of 
corrosion He used various metals of a low melting point but did 
most of his work with wax, mixing one part of it with six parts of 
resm The actual corrosion was done with hydrochloric acid 

Hoyer 52 (1877) found that solutions of shellac thinned with alcohol 
made the best injection masses for gross and fine vessels He claimed 
that this mass could be used in making corrosion preparations and 
advised the addition of cinnabar as a coloring material when it is used 
for this purpose 

Altmann 53 (1879) injected blood vessels with olive oil, tieated the 
part with osmic acid, froze it and then placed it m Javelle water 54 for 
coriosion Only small sections could be used by this method The 
osmic acid hardened the olive oil m the vessels and, since fats are more 
resistant to acids, they were not as quickly corroded as the tissues 
The time necessary for corrosion varied from a few minutes to several 
hours, and if the action was continued too long the injection mass 
crumbled Consequently, this method has not been widely adopted 

Muller 55 (1906) utilized a metal of low melting point, and Flint 56 
used Wood’s metal and celloidm for studying the structure of the lungs 
Ten per cent potassium hydroxide was used for corrosion 

Lipowitz’s metallic alloy of low melting point (from 65 to 70 C ), 
containing cadmium, tin, bismuth and lead, was employed by Nuss- 
baum 57 (1912) for injections in the coronary circulation Since 
hydrochloric acid attacked this alloy, he found it necessary to use 15 
per cent potassium hydroxide to remove the soft parts His preparations 
for corrosion of the coronary circulation are the best that have ever 
been obtained with metals 

Ghoreyeb 58 (1916) injected the coronary arteries with Wood’s metal 
in order to determine their capacity Corrosion was carried out in 
order to recover the metal 

51 Hyrtl, quoted by Bruhl (footnote 48) , quoted by Spalteholz 

52 Hoyer (footnote 19, first reference) 

53 Altmann, R Ueber die Verwerthbarkeit der Corrosion in der mikro- 
skopischen Anatomie, Arch f mikr Anat 16 471, 1879 

54 A solution of sodium hypochlorite prepared by adding soda ash to a solu- 
tion of calcium hypochlorite 

55 Muller, Josef Zur vergleichenden Histologie der Lungen unserer Haus- 
saugetiere, Arch f mikr Anat 69 1, 1906 

56 Flint, J M The Development of the Lungs, Am J Anat 6 1, 1906-1907 

57 Nussbaum, Adolf Ueber das Gefasssystem des Herzens, Arch f mikr 
Anat 80 450, 1912 

58 Ghoreyeb, A A Studies on the Circulation I The Effect of Disease 
on the Renal Arterial Bed, II The Capacity of the Coronary Arteries as Related 
to Weight and Age of the Heart, J M Research 35 87, 1916-1917 
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The injection of a celloidm or celluloid mass into the blood vessels, 
followed by corrosion of the tissues, has been used for many jeais and 
by various investigators It was hist employed by Schieffei deckei 50 
(1882), who piepaied a mass of celloidm, dissolved m concentrated 
alcohol and ether, and coloied by asphaltum, Berlin blue 01 cinnabar 
Digestion was pei formed by hydrochloric acid Hochstetter G0 (1886) 
claimed that he began using celloidm at the same time, but independently 
of Schieffei decker He lecommended the addition of kaolin because 
of the shrinkage of the casts obtained by Schieffei deckei ’s method 
His masses were coloied with cobalt blue, chrome yellow or cinnabar 
Storch 01 (1898) made three distinct improvements in the celloidm 
technic (1) the employment of acetone as a celloidm solvent, (2) the 
injection of a thicker mass (after a preliminaiy injection of a thin 
one) to insure a him cast of the laigei trunks, and (3) the pievention 
of shrinkage by the substitution of celluloid for celloidm Peabody 02 
(1897) used Prussian blue as a coloring agent m the injection of 
the lateial line canals in the smooth dogfish Brodel 03 (1901) claimed 
to have used Schiefferdecker’s corrosion method as modified by Mixter 
and Mall, 04 employing an alcohol and ether solution of celloidm 
Digestion was pei formed by pepsin dissolved m hydrochloric acid 

Flint 05 (1901) used both commercial celluloid and a mixtuie of 
celloidm 00 and camphor dissolved in acetone The addition of camphor 
was a definite improvement, for it pi evented the shrinkage of the casts 
and made it unnecessary to preserve them in glycerin Flint recom- 
mended corrosion of the tissues m concentrated hydiochloric acid 

59 Schiefferdecker, P Ueber die Verwendung des Celloidms in der anatomi- 
schen Technik, Arch f Anat u Entwcklngsgesch, 1882, p 199 

60 Hochstetter, Ferdinand Ueber eine Modifikation der Schiefferdeckerschen 
Celloidinkorrosionsmasse, Anat Anz 1 51, 1886 

61 Storch, Carl Das Celloloid und seine Amvendung zur Injektion von Blut- 
gefassen, Ztschr f Tiermed 3 173, 1898 

62 Peabody The Ampullae of Lorenzini of the Selachn, Zool Bull , Boston 
1 163, 1897-1898 

63 Brodel, Max The Intrinsic Blood Vessels of the Kidney and Their 
Significance m Nephrotomy, Bull Johns Hopkins Hosp 12 10, 1901 

64 Mall, F P A Study of the Structural Unit of the Liver, Am J Anat 
5 228, 1906 

65 Flint, J M The Ducts of the Human Submaxillary Gland, Am J Anat 
1-269, 1901-1902 

66 Celloidm is a concentrated preparation of pyroxylin Celluloid is essen- 
tially pyroxylin and camphor Satisfactory preparations are not made with 
celloidm unless camphor is added Since the addition of camphor to celloidm 
forms celluloid, it would seem more proper to speak of those preparations con- 
taining both celloidm and camphor as celluloid injection masses, even though 
this does not conform to general usage 
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rather than by the slower method of digestion by pepsin Krassuskaja 07 
(1904) also used a mass of photoxylin (oi celloidm) and camphor in 
acetone 

In 1906, Huber, 68 after having experimented with various dyes, 
introduced alkanin, a red pigment, which is soluble in acetone and can 
be used for the smallest vessels without causing crumbling of the 
preparations He introduced a constant pressure device by attaching 
the cannulas by rubber tubing to a tank of compressed air He found 
that a sudden release of a high pressure (from 20 to 25 pounds [from 
9 to 11 Kg]) at the onset was necessary in the injection of the finer 
vessels, and suggested a stock solution of the injection mass containing 
30 Gm of celloidm and 20 Gm of camphor dissolved in 600 cc of 
acetone Marshall 69 (1923) mixed 10 per cent solutions of crystal 
violet and brilliant green to make a permanent blue for celluloid 
preparations Monson 70 (1923) found that old roentgen-ray films 
could be used as a cheaper means of obtaining celluloid, but considered 
them satisfactory only in the preparation of coarser specimens He 
recommended the substitution of a more concentrated solution of the 
mass after the injection had been running for ten or fifteen minutes in 
order to obtain a solid cast of the larger vessels The casts were kept 
in a preservative solution containing 100 cc of water, 2 cc of solution 
of formaldehyde and 20 cc of glycerin Terry and Delamere 71 (1924) 
used this technic m studying the circulation of adenomas of the thyroid 
gland 

Counseller and Mclndoe 72 (1926) forced cold water through the 
vessels of the liver to remove the blood and bile Weights were then 
placed on the specimens, and they were wrapped in towels to remove 
as much of the fluid as possible Their other modifications were the 
utilization of artist’s oil paints for coloring, the lengthening to two 
days of the time that the injection was continued under constant 
pressure and the adoption of a dry method of mounting the corrosion 
preparations, using the technic described by Lundquist and Robertson 73 
Barker 74 (1927) followed the technic described by Counselloi and 

67 Krassuskaja, A Abstr by Stieda, Anat Hefte 13 521, 1904 

68 Huber, G C The Arteriolae Rectae of the Mammalian Kidney, Am J 
Anat 6 392, 1906-190 7 

69 Marshall, J A Method for Preparing Blue Celluloid Injection Material, 
JAMA 80 181 (Jan 30) 1923 

70 Monson (footnote 3, second reference) 

71 Terry and Delamere (footnote 4, third reference) 

72 Counseller, V S , and Mclndoe, A H Dilatation of the Bile Ducts 
(Hvdrohepatosis), Surg Gynec Obst 43 729, 1926 

73 Lundquist, L R , and Robertson, H E The Dry Mounting Method for 
Museum Specimens, Hosp Prog 7 273, 1926 

74 Barker, N Personal communication to the author 
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Mclndoe, except that he increased the time of injection fiom two to 
five days or even longei Scott and Moore 77 (1928) believed that 
any homogeneous mass with a relative viscosity of 18 5 (as compared 
to water) is sufficient for injection of the lenal circulation to. but 
not beyond, the efferent glomerulai arteries Foi celloidm, they found 
that a solution of this viscosity contained 2 75 per cent celloidm and 
2 pei cent camphor dissolved in acetone 

Although celluloid and celloidm have been used as injection masses 
for a consideiable length of time, I have not been able to find more than 
tlnee refeieuces to then use in the study of the coionary vessels Ken 
and Mettiei 70 (1925) published two photogiaphs of injections ot 
celloidm in the coronary artenes in man made by Faulknet and Epstem, 
but they failed to show relationships because a cast was not made of 
the interim of the heart Spalteholz 77 discouiaged the use of celloidm, 
and his influence has piobably done much to keep this material from 
being used more extensively as an injection mass of the coronary 
vessels Quite lecently (1928) Wearn 78 employed thick masses of 
celloidm as well as wax m studying the thebesian vessels Corrosion was 
not attempted 

In demonstrating the coionaiy cn dilation, a cast of the mteiioi 
of the heart should be made, otheiwise, the parts supplied by each 
vessel remain obscure It is sui prising that so little work of this nature 
has been undei taken Bruhl, m discussing corrosion pieparations of 
the cavities in and around the eai and nose, mentioned the following 
materials that have been employed (1) wax lesm, (2) paraffin, 

(3) metals of low melting point, including Aicet’s metal (one part 
lead, two paits tin, two parts bismuth), Rose’s metal (one part lead, 
one pait tin, two parts bismuth) and Wood’s metal (eight parts lead, 
four paits tin, sixteen paits bismuth, three parts cadmium) and 

(4) celloidm 

The fiist two substances have been utilized in the measurement of 
the capacity of the chambeis of the heart Periot 70 and Gaston 80 
(1925) made plaster-of -pat is casts of the left ventricle They cited 

75 Scott, Ernest, and Moore, R A Vascular Injection in Pathology, J Lab 
& Chn Med 13 481, 1928 

76 Kerr, W J, and Mettier The Circulation of the Heart Valves, Notes on 
the Embolic Basis for Endocarditis, Am Heart J 1 96, 1925-1926 

77 Spalteholz, W Die Arterien der Herzwand, text and footnote, 1924, p 5 

78 Wearn, J T The Role of the Thebesian Vessels in the Circulation of the 
Heart, J Exper Med 47 293, 1928 

79 Periot, M Casts of the Interior of Heart Cavities, Compt rend Soc de 
biol 92 615, 1925 

80 Gaston Un procede d’etude de la morphologie des cavites cardiaques, 
Compt rend Soc de biol 92 614, 1925 
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Collm, Hiffelsheim and Robin 81 (1864) and Tandler 42 as having made 
casts of the cardiac cavities previous to their work and stated that, 
except for them, investigators had not used casts in determining the 
size of these cavities Tandler published photographs of casts 
of the interior of the heart in his work on anatomy According 
to Gaston, all these observers poured melted wax or paraffin into the 
heart 

Nussbaum 57 (1912) seems to have been the only one to make casts 
of the cardiac cavities with metals He filled the heart with paraffin 
Eight days later, he melted out the paraffin and replaced it with Lipowitz 
metal, which was similar to the other metals of low melting point, 
containing three parts of cadmium, four parts of tin, eight parts of 
lead and fifteen parts of bismuth, this metal had the same melting 
point as Wood’s metal (from 65 to 70 C ) and was identical with that 
substance except that it contained one less portion of bismuth Excellent 
casts of the heart and of the coronary vessels weie obtained 

Although celluloid and celloidm have been used m the pelvis of the 
kidney (by Monson, 70 Barker 74 and others) and m the cavities in and 
about the nose and ear, 82 I have not found any reference to their use 
in the molding of casts of the cardiac cavities In fact, I have found no 
reference to their use in the making of casts of any structure as large 
as the interior of the adult heart It seems advisable, therefore, to 
publish the modifications of the celluloid technic which have been found 
necessary for the injection of the cardiac cavities 

A MODIFICATION OF THE CELLULOID AND CORROSION TECHNIC 

Appaiatus — The apparatus which I have employed is almost 
identical with that used by Counseller and Mclndoe m making injections 
in the bile ducts of the liver (fig 1) Constant air pressure is used 
instead of the gas which is shown in the diagram The mercury 
manometer aids in adjusting the pressure accurately A second mercury 
manometer is also needed, as a lower pressure is used m injections m 
the interior of the heart Three of the small bottles for the injection 
mass are needed for each heart in which injection is to be made By 
means of Y-tubes and additional connections of rubber tubing, injections 
can be performed in any number of hearts at one time The hearts 
are kept in a bath of running, cold water while the injection is m pi ogress 
This delays disintegration and aids m dissolving the acetone from the 
injection mass 

81 Collm, Hiffelsheim and Robin, quoted by Periot (footnote 79) and Gaston 
(footnote 80) 

82 Siebenmann, quoted by Bruhl (footnote 48) Steinbruge, H Zur Cor- 
rosions- Anatomie des Ohres, Centralbl f d med Wissensch 23 545, 1885 
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Stock Solution — The injection mass is prepared in a concentrated 
form The constituents of the stock solution, which is the same as 
Monson’s solution C, aie as follows 100 Gm old roenlgen-iay films, 
80 Gm pure gum camphor, and 1,000 cc of acetone The emulsion 
is sa ubbed off the films in warm watei, and the films aie cut into small 
pieces so they will dissolve moie readily in the acetone The stock 
bottle should be inverted every day so the films may become dissolved 
more rapidly The mechanical Stirling and the filtration described by 



Fig 1 — Injection apparatus (from Counsellor and Mclndoe) A, gas tank, 
B, needle valve, C, lead bottle, D, injection bottle, E, injection bottle, F, 1 F* 
stopcocks, G, mercury manometer, IT, specimen tank 

Morison have not been found necessary In five or six days the mass 
is ready to use The dilution of the stock solution for purposes of 
injection is discussed elsewhere Artist’s oil paints, as recommended 
by Counseller and Mclndoe, have proved satisfactory coloring materials 
The paints must be well mixed in the solution immediately before the 
injection is started As a routine I have used Prussian blue for the 
light coronary artery, vermilion for the left and silver white for 
the veins and the casts of the heart chambers 
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Pi epai ation of the Specimen — Injections are much moie easily pei- 
formed in the heart and vessels if care is taken in the removal of the 
specimen at necropsy The heart and lungs, together with that portion 
of the diaphragm which surrounds the inferior vena cava, are removed 
en masse Then the heart and great vessels are dissected free from 
the lungs and diaphragm, caie being taken to have the stumps of the 
great vessels as long as possible This necessitates cutting the pulmonary 
vessels close to the lungs 

The chambers of the heart should be washed thoroughly with water 
The water must be forced through m the direction of the blood flow 
of the heart , that is, the stream must be directed into either the superior 
or the inferior vena cava to wash out the right side and into one of 
the pulmonary veins to remove the blood clots from the left side of 
the heart A massage of the heart will aid in removing some of the 
clots Others will have to be extracted with forceps All must be 
removed if a perfect cast is to be obtained 

Technic of Aitenal Injections — The injection of the arteries is not 
particularly difficult and is not unlike the injection of the portal vessels 
or the renal arteries, which has been well described by others 83 The 
aorta must be cut down longitudinally toward the heart until the 
coronary arteries are seen, but not so far that it would be impossible 
to tie off the vessel later Then the cannulas must be inserted through 
the orifices of the coronary arteries and tied firmly in place In order 
that this may be done, the first part of each coronary artery must 
have been freed previously, and ligatures passed beneath the vessels 
The ligatures (two or three for each cannula) are then tied firmly and 
so tight that the cannula will not slip if twisted slightly The cannulas 
must be inserted when the heart is quite fresh, otherwise they or the 
ligatures are likely to cut through the vessels 

The coronary arteries are each washed with water at a pressure of 
250 mm of mercury until the water is no longei blood-tinged An 
effort is not made to remove the water from the vessels befoie the 
injection is started, since water hardens the mass Although the arterial 
injections are not started until the veins and the chambers of the heart 
have become distended with the mass, they will be commented on first 
for the sake of simplicity 

A 1 4 or 1 5 dilution of the stock solution (one part of the stock 
solution to four or five parts of acetone) is generally used for the 
arterial injection This dilution assures the injection of the smaller 
vessels Artist’s oil pamt is added to color the solutions, vermilion being 
used for the left coronary artery and Prussian blue for the right 

83 Counseller and Mclndoe (footnote 72) Hildebrand (footnote 26, third 
reference) 
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The celluloid mass, after being well mixed, is injected into both coronar\ 
arteries simultaneously at an initial pressuie of about 450 mm of 
mercury, and is maintained at this pressure for an hour or two, after 
which the pressure is reduced to one ranging from 150 to 250 mm 
at which the injection is continued for from five to seven days To 
strengthen the larger trunks, a more concentrated solution (1 2 oi 
1 3 dilution of the stock solution) should be substituted within the 
first four hours If the injection is not continued for from five to 
seven days, the larger vessels are likely to be hollow and consequenth 
fragile 

7 echnic foi Molding Casts of the Cavities and the Feins — After the 
cavities of the heait have been washed free of blood clots, the foramen 
ovale is opened, by enlarging the opening, if patent, or by passing the 
points of blunt scissors or forceps through the thinnest poilion of 
the mterauricular septum (through the fossa ovalis) and sjireadmg the 
points of the instrument until the opening is adequate If this is not 
done there will not be a point of union between the casts of the two 
sides of the heart, and the preparation will fall apart after corrosion 
One wide-tipped glass cannula is placed m the orifice of either the 
superior or the inferior vena cava, and another is placed m the opening 
of one of the pulmonary veins Both cannulas are tied securely All 
the other great vessels are then tied successively It is rather difficult 
to ligate the aorta owing to the two cannulas (one to each coronary 
artery) within it This can be accomplished, however, so that there 
is not any leakage, if the aorta has been divided longitudinally, each 
half being wrapped around the adjacent cannula and tied securely in 
several places, and finally the two portions of the aorta being tied firmly 
together If any of the great vessels have been cut too short, the 
opening can be closed by inserting a tightly fitting cork into the lumen, 
the large end inward, and tying the stump of the vessel over the cork 
When every orifice is closed, rubber tubing is attached to the cannula 
m the vena cava and to the one in the pulmonary vein The tubing 
to the latter may be clamped, as generally the left side of the heart 
will fill from the right If, for any reason, the left side of the heart 
does not fill, and this occasionally happens, celluloid may readily be 
injected through the otherwise unused cannula into the pulmonary vein 

The celluloid mass is forced into the cavities of the heart with the 
same apparatus with which injections are made in the arteries When 
it is desired to make an injection in the veins of the heart, a thin 
solution should be used first For this purpose, a solution of one part 
of the stock solution to three or four parts of acetone, to which artist’s 
oil paint (white) has been added for coloring, is used This solution 
must be stirred until it is well mixed After 500 cc has been emptied 
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into the heart, a thick solution is substituted The stock solution may 
be used for this purpose, but the mass generally flows m a little more 
readily if it is thinned slightly with acetone An effort must be made 
to tie off all leaks that may occur when the celluloid is injected The 
smaller leaks will be closed by the injection of a thicker celluloid mass 
I attempt to use continuous injection at a pressure of from 20 to 60 
mm of mercury m filling the cavities, but if leakage occurs this may 
not be possible at the onset When leakage takes place, pressures 
ranging from 60 to 120 mm of mercury are used, but only long enough 
to allow the celluloid to flow in until the auricles are rendered slightly 
tense to palpation The pressure is then clamped off and the process 
repeated about every half hour during the first day and about every 
one to three hours thereafter When there is no leakage, the injection 
is continued until soft areas cannot be palpated on the surface of the 
auricles and until the cannulas are firmly cemented in A uniform cast 
rather than a solid cast is desirable, hence, it is necessary to turn the 
heart m various positions from time to time as the celluloid tends to 
become deposited m the dependent portions It is sometimes necessary 
to puncture the walls of the auricles with a hypodermic needle and 
inject water before the mass in the cavities will harden This allows 
the air and acetone to escape, makes room for more of the mass to 
enter and supplies fresh water to remove the acetone and to precipitate 
the celluloid 

The injection of the veins and of the cast is begun first so that 
the arteries will not be stretched after the arterial injection has been 
started The injection of the arteries is continued uninterruptedly for 
from five to seven days, and that of the interior of the heart for from 
five to fourteen days, depending on the size of the heart and on other 
variable factors 

Coiiosion — When the injection is considered completed, the heart 
is placed in concentrated hydrochloric acid and allowed to remain there 
for from five to fifteen days depending on the thickness of the myo- 
cardium and the rate of its corrosion 

Washing — When the corrosion is completed, the heart is immersed 
in water and a fine stream is directed against it to wash away everything 
but the cast It is important to direct this stream so that it strikes just 
below the surface of the water This allows the corroded tissues to 
float away and minimizes the injury to the smaller vessels The washing 
does not have to be completed at once , in fact, washing is more easily 
carried out if the specimen is allowed to stand over night in water 
If all the tissues cannot be washed away, the specimen should be placed 
again in fresh concentrated hydrochloric acid and left there for from 
twelve to twenty-four hours Sometimes it is difficult to remove the 
epicardial fat This can be remedied by placing the heart m xylene 
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for a few hours, which will dissolve out the fat without injury to the 
cast The heart is then washed again with water to remo\e the adhering 
pai tides of fat and the xylene 

Pi csci vation — After the washing is completed, the specimen is 
allowed to stand m watei to which enough sodium bicaibonate has 
been added to neutralize the acid that may still be piesent A coating 



Fig 2 — Posterior view of celluloid cast of heart from a girl, aged 10 years, 
who had died from generalized peritonitis , 21, left auricular appendage , 22, left 
auricle, 25, right auricle, 31, inferior vena cava, 28, left pulmonary veins, 
4, left circumflex artery , 32, right coronary artery , 33, posterior artery of right 
ventricle, 34, posterior descending artery, 7, posterior artery of left ventricle, 
35, accessory posterior artery of left ventricle, 19, vein of posterior inter- 
ventricular sulcus, 29, right coronary vein, 20, posterior vem of left ventricle, 
16, coronary smus , 18, oblique vein of Marshall , 30, vein of acute margin 

of varnish is applied with a fine spray from an atomizer , it is better to 
delay this piocedure until all photographs have been taken The 
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preparations can be mounted dry according to the method of Lundquist 
and Robertson, or wet, using the solution of water, formaldehyde and 
glycerin described by Monson 

The Finished Pi eparahons — The completed specimen shows the left 
coronary artery injected m red, the right coronary artery in blue and 
the coronary veins m white Figures 2 to 4 are actual photographs of 
specimens in which injections were made The wall of the heart has 



Fig 3 — Anterosuperior view of celluloid cast of heart of woman, aged 44, 
who died from carcinoma of the rectum, 21, left auricular appendage, 22, left 
auricle , 23, pulmonary artery , 24, aorta , 25, right auricular appendage , 26, right 
auricle , 27, superior vena cava , 28, left pulmonary veins , 1, anterior descending 
artery, 2, first accessory anterior descending artery, 3, second accessory anterior 
descending artery, 4, circumflex artery, 5, artery to conus arteriosus, 6, artery to 
interventricular septum , 7, posterior artery of left ventricle , 8, anterior arteries of 
right ventricle, 9, anterior artery of right auricle, 10, artery of crista terminals 
(artery to sinus node) , 11, intermediate artery of left auricle , 13, vein of anterior 
interventricular sulcus , 14, vein of obtuse margin , 15, left coronary vein , 
16, coronary sinus , 17, anterior vein of right ventricle , 18, oblique vein of 
Marshall , 19, vein of posterior interventricular sulcus , 20, posterior vein of left 
ventricle 
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been coirodcd, and the background is the white cast of the chambers 
of the heart which accurately depicts the internal surface of the heait 
and thus preserves the normal relations of the coronal y vessels, although 
none of the structures of the living heart remains All four entities 
of the heart have been expanded at the same time, under the same 
pressure, which is relatively low 

Advantages — This method of studying the coronary aitenes seems 
to have several distinct advantages over the usual methods, such as 



Fig 4 — Anterior view of celluloid cast of heart of child, aged 13 T A months, 
who died during anesthesia, 25, right auricle, 26, right ventricle, 21, left auricular 
appendage, 38, valve of Vieussens, 1, anterior descending artery, 2, first accessor} 
anterior descending artery, 37, second accessory anterior descending artery, 
4, circumflex , 16, coronary sinus 

injection of opaque materials followed by the taking of roentgenograms, 
clearing with oil of wmtergreen or glycerin, or corrosion without 
molding a cast of the heart A cold injection mass is used The 
celloidin cast of the interior of the heart shows the sire, shape and 
contour of the chambers, forms a support for the blood vessels and 
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depicts relationships even after all the tissues of the living heart have 
been corroded away The completed injections enable a casual observer 
to form a fairly accurate impression of the course and relations of 
the coronary vessels and on that account should be of considerable 
value m the teaching of anatomy All structures are in three dimen- 
sions , hence, there need not be any confusion in their interpretation, 
as often occurs with roentgenograms or even stereoroentgenograms 
Injections are made m all the veins, whether or not they empty into 
the coronary sinus The casts adapt themselves readily to photography 
Lastly, celluloid injected into the arteries penetrates to the capillaries 
but not through them, and, for this reason, the resulting cast is an 
accurate picture of the arterial tree uncomplicated by venous branches 
Disadvantages — The chief disadvantage of this method of injection 
is that it is practically impossible to take microscopic sections of the 
heart either before or after the injections are made In addition, 
while celluloid is flexible, it is nevertheless fragile and must be handled 
with care, for a broken vessel cannot be replaced 
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BLOOD CALCIUM AND GASTRTC ANALYSIS 1 

LEO H CRIEP, MD 

r AND 

WILLIAM S McELROY, MD 

PITTSBURGH 

A study of the blood calcium m 167 cases of asthma and allied con- 
ditions is piesented in the hope of helping to define the impoi lance of 
calcium delcirmnation and calcium tieatment in atopic or alleigic condi- 
tions The second pait of this papei is a pielimmaiy lepoit on the 
analysis of the gastnc contents in fifty cases of atopy 

CALCIUM METABOLISM IN ATOPY 

A discussion of this phase of the subject is closely 1 elated to the 
vaiious Ihcones explaining the pathogenesis of asthma and of allied 
conditions It is a fan ly well established fact that these conditions aie 
due to a foim of hypei sensitiveness eilhei to some extimsic piotem 01 
to an infection usually of the uppei lespnatoiy tiact Theie aie those 
who insist on the lcflex oiigm of asthma, and somewhat associated with 
the latlei theoiy is the explanation advanced by Poltenger , 1 who feels 
that m asthma theie is a lelative deficiency of calcium ions in the cells 
of the bionchial system with an imbalance m favor of the potassium 
ions This deficiency of calcium lesulls m a lessened imtabihty of the 
sympathetic neive, while the excess of potassium stimulates the paia- 
sympathetic 01 vagus neive, so that vagotonia and hence bionchospasm 
and asthma lesull, theiefoie, admimstiation of calcium lesloies the 
equihbiium, eliminates vagotonia and impioves the condition of the 
patient 

In close 1 elation to these views, a consideiable bteialuie is found m 
which an attempt is made to piove the piesence of such a deficiency and 
the specifice value of calcium thei apy These obsei \ ations, however, have 
not gone unchallenged, and it is for this leason that the piescnt study 
was undei taken It is necessaiy to agiee as to what constitutes a noimal 

J From the Department of Medicine and Biochemistry, Unucrsity of Pitts- 
burgh School of Medicine 

Read before the Society for the Stud} of Asthma and Allied Conditions, 
Washington, D C , April 28, 1928 

1 Poltengcr, F M A Discussion of the Etiolog} of Asthma in its Rela- 
tionship to the Various Systems Composing the Pulmonary Neuroccllular 
Mechanism with the Plnsiologic Basis for the Emploiment of Calcium in its 
Treatment, Am J M Sc 167 203, 1924 
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blood calcium A survey of the literature i eveals that from 9 to 1 1 mg 
per hundred cubic centimeters of blood is considered normal Thus, 
according to Groves and Vines 2 the average figure is 10 5 mg According 
to Halverson, 3 it is 10 2 mg , with a variation of from 9 6 to 10 8 mg 
According to Schwartz and Levin, 4 5 it is fiom 9 to 12 mg , while Myers 6 
finds it to be between 9 and 1 1 mg , and Caven and Cantarow 0 place it 
between 6 5 and 9 5 mg per hundred cubic centimeters of blood Forty 
specimens of blood were obtained from normal subjects, medical students, 
and the blood calcium detei mined by the use of the Tisdal technic 
Twenty-seven of these weie obtained on a fasting stomach and thirteen, 
two hours after breakfast The lowest reading m the whole series was 
8 5 mg, and the highest was 117 mg , with an average of 1043 mg of 
calcium per hundred cubic centimeters of blood It is intei estmg to 
note that there was not any appreciable difference in the average value 
obtained m the fasting blood fiom the nonfasting blood, the figure for 


Table 1 — Blood Calcium m Vat tons Atopic Conditions and m a Noimal Peison 
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Hay fever 
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0 
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Angioneurotic edema 
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10 4 
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17 

11 
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Total series 

2 

10 

e 

16 

33 

68 

39 

17 

6 

9 
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the formei being 10 1 mg , while the lattei was 10 34 mg Table 1 shows 
that most of the leadings weie closely grouped 

An analysis was then made of the observations on the blood calcium 
in 167 cases of atopy, comprising (table 1) eighty cases of asthma, 
forty-three cases of hay-fever, twenty-one cases of atopic or vasomotor 
rhinitis, twenty-one cases of uiticaria and two cases of angioneurotic 

2 Groves, W R , and Vines, H W C The Control of Hemorrhage by 
Intramuscular Injection of Calcium Chloride, Brit M J 2 40, 1921 

3 Halverson, J O , Mohler, H K , and Bergeim, Olaf The Calcium Con- 
tent of the Blood Serum in Certain Pathological Conditions, J Biol Chem 32 
171, 1917 , Calcium in the Blood m Tuberculosis, J A M A 18 1309 (May 5) 
1917 

4 Schwartz, H J, and Levin, O L The Calcium Content of the Blood 
in Various Diseases of the Skin Based on an Analysis of over 300 Cases, 
Arch Dermat & Syph 10 545 (Nov ) 1924 

5 Myers, V C Practical Chemical Analysis of Blood, ed 2, St Louis, 
C V Mosby Company, 1924, p 170 

6 Caven, W R, and Cantarow A J Lab & Clin Med 12 1, 1926, abstr 
m J A M A 88 126 (Jan 8) 1927 
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edema The specimens of blood were obtained on a fasting stomach, 
and the determinations weie made according to the technic already men- 
tioned Thus it is found that the values for the asthma group range 
between 8 5 and 12 5 mg, with an aveiage of 1008, m the ha) -fever 
group, between 9 3 and 12 3, with an aveiage of 10 55, m the atopic 
lhimtis group, between 8 3 and 12 2, with an a\erage of 9 95, in the 
urticaria cases, between 7 9 and 114, with an average of 9 66 and in the 
two cases of angioneurotic edema, an aveiage of 10 4 The average for 
the entire 167 cases of atopy is 10 19 mg per hundred cubic centimeteis 
of blood, as compared with 10 43 mg, the aveiage value found for the 



Blood calcium curve in atopy , a, asthma , b, urticaria , c, normal , d, hay-fever, 
and e, atopic rhinitis The similarity in the general trend of the curves in various 
atopic conditions as compared with the normal should be noted 

forty noimal persons Moreover, most of the cases studied group them- 
selves, as table 1 and the chart show, within a narrow range It appears, 
therefore, that a demonstrable calcium deficiency does not obtain in 
atopic conditions 

This is not in accord with the work of otheis Thus, Novak and 
flollandei 7 agiee that a calcium deficiency does not exist in asthma and 

7 Novak, F J , and Hollander, A R Influence of Ultraviolet Irradiation 
on Calcium Content of Blood Serum in Hay-Fever Hjperesthetic Rhinitis and 
\sthma, J A M A 81 2003 (Dec 15) 1923 
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in hay-fevei, but they find a suggestive lowering in vasomotor rhinitis, 
their figures ranging fiom 6 75 to 9 8 Sonnenschem and Pearknan 8 
find an average of 10 9 in the same condition, wtnle Brown, 9 consideung 
anything below 9 6 mg as a definite deficiency, finds such a state to exist 
in a laige percentage of piactically all foims of atopy 

What is then the status of calcium therapy m atopy ? Calcium has 
been lecommended either alone or m conjunction with either thyroid or 
parathyroid extiact and ultraviolet ray exposure, however, little rational, 
specific basis seems to exist foi such therapy For, in the first place, 
since the deficiency of calcium had not been pi oved to exist, why should 
calcium be admimsteied ? Second, calcium lactate m doses of 5 Gm , thiee 
times a day, given together with paiathyioid extract foi twenty days, as 
table 2 shows, has appaiently little if any influence on the blood calcium 10 
of atopic patients Noi does exposure to ultraviolet lays seem to increase 


Table 2 — Effect of Theiapy on Calcium Content of Atopic Blood 


Diagnosis 

Blood 

Calcium 

Before 

Therapj 

Blood Cal- 
cium After 
Calcium and 
Parathyroid 

Added 

Ultraviolet 

Kay 

Exposure 

Therapeutic 

Improvement 

1 Atopic rhinitis 

97 

101 

10 0 

None 

2 Atopic rhinitis 

116 

101 

11 1 

Mild 

3 Atopic rhinitis 

10 4 

10 4 

10 2 

None 

4 Atopic rhinitis 

10 0 

10 2 

10 4 

None 

5 Asthma 

9 1 

92 

90 

None 

6 Asthma 

10 8 

97 

10 2 

None 

7 Asthma 

113 

110 

11 4 

Good for 2 months 

$ Asthma 

10 9 

10 0 

10 4 

None 

9 Asthma 

97 

10 3 

99 

None 

10 Hayfeaer 

99 

10 3 

10 5 

None 


the figuie, when the subject has a noimal blood calcium At least such 
•an influence could not be demonstrated by the examination of the blood 
foi calcium It is true that as Kahn and Roe 11 have demonstrated, the 
Flood calcium does increase a short time following the administration of 
calcium lactate, but, like the blood sugai cuive, such a use is not perma- 
nent but only tiansitory The use of thyroid has been suggested on the 
assumption 12 that so many of these patients have a low basal metabolic 

8 Sonnenschem, Robert, and Pearlman, S J Correspondence, JAMA 
84 534 (Feb 14) 1925, Calcium and Parathyroid Glands in Relation to Hyper- 
esthetic Rhinitis, J A M A 83 1973 (Dec 20) 1924 

9 Broun, G T, and Hunter, O B Calcium Deficiency m Asthma, Hay- 
Fever and Allied Conditions, Ann Clin Med 4 299, 1925 

10 Salvesen, H A , Hastings, A B , and McIntosh, J F J Biol Chem 
'60 327 (June) 1924 

11 Kahn, B S , and Roe, J H Calcium Absorption from the Intestinal 
Tract in Human Subjects An Experimental Study, JAMA 86 1761 
(June 5) 1926 

12 Novak, F J Basal Metabolism m Hyperesthetic Rhinitis, Wisconsin M 
J 19 534, 1921 
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rate A glance at table 3 leads one to suspect with Simpson 1 '’ and 
Sonnenschein that the rate is usually either normal or slightly abo\e 
normal Only one patient in our series had a basal rate below normal 
And this is as one would expect, for climcall) these patients are invari- 
ably high stiung and nervous 

The fact remains, however, that many atopic patients show signs of 
nnpicn ement especially after the intravenous admimstiation of calcium 
But m view r of the evidence presented, it haidlv seems likely that such 
therap) is on a specific basis We believe, lather, that what influence 
is seen is the result of the depressing action which calcium has on all 
the tissues, especially on the nervous system, as w r ell as because it has a 
tendency to lessen the permeability of tissue cells and in that w r a\ 1 educe 
tiansudation, which is such a common manifestation m the shock oigan 
of atopic persons 14 


Table 3 — Basal Metabolic Rate in Atopy 


Number 

Name 

Diagnosis 

Rate 

1 

2 

J G 

Atopic rhinitis 

4- 3 

3 

M M 

Atopic rhinitis 

+ 7 

4 

L S 

Asthma 

+12 

5 

L R 

Asthma 

+11 

G 

E E 

Asthma 

—10 

7 

M N 

Asthma 

+14 

S 

A L 

Asthma 

+23 

9 

E Z 

Asthma 

+ 1 


Number 

Name 

Diagnosis 

Rate 

10 

J B 

Urticaria 

t38 

11 

A G 

Urticaria 

+14 

12 

E T 

Urticariu 

+29 

13 

E M 

Urticaria 

+10 

14 

D J McM 

Urtican i 

t- 1 

15 

G C 

Urtic inn 

~r 2 

16 

a r 

Migraine 

a- C 

17 

M M 

Angioneurotic 

edema 

3 


ATOPY AND GASTRIC ANALYSIS 

For some time past, w r e have been impressed with the occasional 
impiovement that is seen m urticana following the administration of 
dilute hydrochloric acid This interest w r as stimulated further by Beck- 
man 15 who states m a lecent leport that he has obtained 100 per cent 
symptomatic cuie m a senes of seienteen cases of hay-fetei by the oial 
admimstiation of mtrohydiochloric acid Reference to the oldei litera- 
ture reveals that Bishop, 10 Lockard 17 and otheis hate used this drug, 
and eten lemonade, foi similai purposes with a great deal of success 
It was thought worth wdule, therefoie, to determine wdiether there is any 

13 Simpson, W L Basal Metabolism in Haperesthetic Rhinitis and 
Bronchial Asthma, Laryngoscope 32 768, 1922 

14 New and Nonofficial Remedies, Chicago, A M A Press, 1927, p 109 
Editorial Administration of Calcium Salts, JAMA 89 968 (Sept 17) 1927 

15 Beckman, Harry Nitrohtdrochloric Acid m the Treatment of Hay- 
Fet er, Am J M Sc 174 525, 1927 

16 Bishop, S S Diseases of Ear, Nose and Throat, Philadelphia, F A 
Davis Company, 1897 

17 Lockard, L B The Treatment of Haj-Feter, Boston M & S J 148 59, 
1903 
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change in the gastric secretion of atopic patients which may suggest the 
basis for such therapeutic results This was undertaken not unmindful 
of the difficulty of interpretation of results of gastric analysis from the 
standpoint of acidity For the purpose of control, gastric analysis 
employing the Rehfuss technic was performed on sixty-five apparently 
healthy medical students Of the entire class, there were three cases of 
achlorhydria, and two of these gave a history of atopy, one of hay-fever 
and the other of urticaria Fifty atopic patients were then studied from 
this standpoint (table 4) The gastric contents were examined in a few 
cases by the Ewald method and in the rest by the Rehfuss method T wenty- 
eight of the fifty patients had asthma , six, urticaria , twelve, hay-fever , 
two, atopic rhinitis, and one, angioneurotic edema and one, migraine 
Nineteen, or 36 per cent, of the entire series, had a complete lack of 
hydrochloric acid, and four, or 8 per cent, showed complete achylia 
Sixteen, or 32 per cent, revealed hypo-acidity , fourteen, or 28 per cent, 


Table 4 — Gastric Analysis m Atopy 



Number of Oases 

Studied Achylia 

Aehlor- 

bydna 

Hypo- 

acidity* 

Normalf 

Hyper- 

acidity! 

Asthma 

28 

2 

10 

12 

12 

0 

Hay fever 

12 

0 

4 

4 

4 

1 

Urticaria 

6 

2 

3 

1 

3 

0 

Atopic rhinitis 

2 

0 

1 

0 

1 

0 

Angioneurotic edema 

1 

0 

1 

0 

0 

0 

Migraine 

1 

0 

0 

0 

0 

l 


— 

— 

— 

— 

— 

■ 

Total senes 

50 

4 

19 

17 

20 

2 


* Hypo acidity — any value under 10 
1 Normal— any value up to TO 
t Hyper-acidity— any value above 70 


were normal and three had hyperacidity Fuither examination of table 
4 shows that the same is true of the individual conditions considered 
This is highly interesting, for a careful search of the literature fails to 
make mention of such an obsen ation or to explain it Particularly is it 
significant because atopic conditions are thought to be associated chiefly 
with vagotonia, which is closely related to hyperacidity instead of hypo- 
acidity These observations are at least suggestive, for it appears that 
while achlorhydria is not constant in atopy, it is certainly encountered 
in this condition much more frequently than in normal persons 

CONCLUSIONS 

1 The normal blood calcium established m our series is 10 43 mg per 
hundred cubic centimeters of blood 

2 A calcium deficiency cannot be shown to exist m atopic conditions 

3 Calcium therapy does not seem to produce a permanent increase in 
the blood calcium of atopically sensitive patients 
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4 The basal metabolic rate is not low m these patients , hence, 
thyroid is contraindicated 

Gastric analysis suggests the somewhat frequent piesence of an 
achlorhydria and hypo-acidity m a large percentage of atopic conditions , 
hence, the advisability of investigating further the effect of acid therapy 

1004 May Building 



A COMPARISON OF THE EFFECTS OF GENERAL 
DIETS AND OF STANDARDIZED DIETS ON 
TOLERANCE FOR DEXTROSE * 

J SHIRLEY SWEENEY, MD 

DALLAS, TEXAS 

In a previous study 1 it has been shown that it is possible to change 
materially a subject’s tolerance foi dextrose by the use of different 
types of diet The different types of diet used to demonstrate this effect 
were one consisting strictly of protein, one of fats, one of carbo- 
hydrates, m another group food was not taken The subjects of this 
experiment were normal, healthy, male medical students They were 
instructed to follow certain of the dietary outlines mentioned for two 
days, and on the third morning, on a fasting stomach, a dextiose tolei- 
ance test was run on each subject with the use of 1 75 Gm of dextrose 
per kilogram of body weight Briefly, the results were the subjects 
who had consumed only carbohydi ates possessed a markedly increased 
tolerance for dextrose, those who had eaten only proteins showed a 
mild inability to remove the dextrose from the blood stream, whereas 
the subjects who had taken fats or who had starved for a period of 
two days showed a marked decrease in then tolerance for sugar as 
judged by the clinical dextrose toleiance test 

It was suggested that possibly some of the variability seen in the 
dextrose tolerance cuives in noimal peisons might be eliminated if a 
standardized diet was followed for a few days prior to the performance 
of the dextrose tolerance test It was further suggested that some of 
the dextrose tolerance curves believed to be charactei istic of certain 
pathologic disorders might, m reality, be the effect of the diets taken 
because of the pathologic conditions 

I have attempted to study the effect of a standardized diet on the 
clinical dextrose tolerance test Healthy, young, male medical students 
were again used for the purpose of studying this effect Their basal 
requirement m calones was detei mined, and 25 per cent was added for 
the moderate activity of these students The total calories weie divided 
as follows 0 66 Gm of protein per kilogram of body weight, 2 5 Gm 

> From the Departments of Internal Medicine and Physiology, Baylor Uni- 
versity, College of Medicine 

1 Sweeney, J Shirlej Dietary Factors That Influence the Dextrose Toler- 
ance Test, Arch Int Med 40 818 (Dec ) 1927 
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of carbohydrate per kilogram and the remaining calories were supplied 
m fats This gave what appeared to be an average balanced tray 
The students all felt that it was approximately what they had been 
eating, except perhaps for a slight deficiency m bread The students 
continued on these diets foi two days On the third morning, without 
bieakfast, they reported for a deteimmation of the tolerance for 
dextrose 

Table 1 — Results of Devtiosc Toletance Tests on Students Who Had Been on 

Siandai dised Diet for Two Days 


Blood Sugar Milligram per Hundred Cubic Centimeters 


Subject 

r 

Fasting 

Thirty Minutes 

Sixty Minutes 

One-Hundred 
and Twenty 
Minutes 

1 

77 

187 

133 

146 

2 

80 

160 

182 

100 

3 

80 

210 

182 

133 

4 

93 

133 

87 

50 

r > 

S7 

129 

125 

53 

C 

70 

121 

93 

52 

7 

103 

215 

133 

105 

8 

76 

243 

108 

78 

9 

60 

145 

78 

61 

10 

63 

170 

113 

10S 

11 

71 

167 

158 

158 

12 

54 

121 

143 

120 

13 

53 

91 

59 

44 

14 

71 

182 

167 

138 

15 

70 

153 

104 

75 

16 

78 

111 

125 

91 

17 

77 

121 

137 

103 

18 

93 

98 

114 

111 

19 

56 

91 

82 

66 


— 

— 

— 

— 

Total average 

75 

149 

145 

95 


— 

— 

— 

— 

Average of first 
thirteen subjects 

75 

160 

125 

93 


One and seventy-five hundiedths grams of dextrose was given per 
kilogram of body weight Specimens of blood weie taken fiom the 
vein before the administration of the dextrose and at thnty, sixty and 
one hundied and twenty minutes following the admmisti ation I made 
all sugar deteimmations by the Fohn-Wu method 

Twenty-one students were tieated m this manner For controlled 
studies, an attempt was made to use the same students at a later date 
and to lepeat the toleiance tests without their having followed any 
paiticular diet In this way, it was possible to see the type of curve 
that a pei son would have following a standaid diet and following an 
oidmary general diet It was impossible m every instance to xepeat the 
tolerance tests on the same students Theie were, however, thirteen 
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cases in which I was able to study the effect of controlled and uncon- 
trolled dieting on the tolerance for dextrose m the same students 
Although this number is small, the variation noted is so insignificant that 
it is felt a larger group of observations would not change the results 
In table 1 the results of the dextrose tolerance test are listed for 
nineteen students who had taken a standardized diet for a period of two 
days prior to the test In table 2, the results of the test for eighteen 
students are given, some of the students are the same as in table 1, 

Table 2 — Results of Dextiose Toleiance Tests on Students Who Had Been on 

General oi Uncontrolled Diets 


Blood Sugar Milligram per Hundred Cubic Centimeters 


ubject 

Fasting 

Thirty Minutes 

Sixty Minutes 

One-Hundred 
and Twenty 
Minutes 

1 

57 

143 

125 

7b 

2 

59 

129 

182 

108 

3 

56 

129 

93 

64 

4 

78 

111 

91 

100 

5 

83 

118 

74 

56 

6 

74 

112 

89 

59 

7 

67 

100 

10S 

103 

8 

63 

143 

89 

50 

9 

77 

129 

69 

61 

10 

69 

234 

107 

53 

11 

63 

167 

174 

133 

12 

100 

133 

190 

107 

13 

59 

151 

6S 

75 

14 

83 

174 

250 

111 

15 

74 

133 

85 

89 

10 

63 

89 

90 

49 

17 

71 

91 

105 

82 

18 

77 

100 

105 

59 


. 

— 

— 

— 

Total average 

71 

133 

116 

80 


— 

— 


— . 

Average of first 
thirteen subjects 

70 

13 8 

112 

SO 


whose tests were run following undirected eating habits The figures 
on the first thirteen students in each table are the results of the dextrose 
tolerance tests on the same students following the eating of a standard- 
ized diet and without any dietary direction The figures as presented are 
shown graphically in charts 1 and 2, as composite curves In chart 1, 
the composite curves of the students are compared, with and without 
the effect of standardized dieting It should be remembered that not 
all of these students are the same in both cases In chart 2, the com- 
posite curves for thirteen students are shown, identical m both groups, 
following the taking of standardized diets and following normal dietary 
habits 
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Chart 1 — Average or composite curves of the students with and without the 
effect of standardized dieting The dash line represents those who had taken a 
general diet 



Chart 2— Average or composite curves of thirteen students, identical in both 
groups, with and without the effect of an antecedent standardized diet The dash 
line represents those who had taken a general diet 
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COMMENT 

It is not difficult to see that the effect of the preceding diets, as used 
m this study, is only slight In chait 1, it will be noted that the 
curves, although similar in foim, might differ significantly quantitatively 
This is probably due to the fact that the results for different students 
were included in these two cuives There is something m a person’s 
metabolic mechanism, regardless of how many vanables might be held 
constant, that causes him to respond m a certain way to dextrose It 
will be noted m chait 2, in which the same students are represented m 
each curve, that the difference is negligible as far as the curves per se 
are concerned The slight quantitative difference that exists between 
the observations is probably to be accounted foi by the fact that those 
who were on the general diets consumed slightly moie carbohydrates, 
which, it is known, will increase a person’s tolerance materially, other 
things being equal There aie no differences noted great enough to 
allow one to say that an ordinary well mixed general diet in any way 
distorts one’s tolerance to sugais The suggestion previously made, as 
alluded to m the beginning, that a standardized diet would perhaps make 
less variable dextrose tolerance curves, is not borne out The individual 
curves included in this study are not plotted because of the lequirement 
of space Inspection of them, however, or reference to the tables, con- 
vinces one that the curves for the thirteen students, on standardized diets, 
varied just as much as they did for those on an uncontrolled diet 

CONCLUSIONS 

Healthy, young, medical students weie studied m respect to their 
tolerance foi dextrose, following antecedent standardized or controlled 
dieting and following uncontrolled dieting It was found that antecedent 
standardized diets practically did not have any influence on the variability 
of the curve foi dextrose tolerance as compared to the curves made 
after the subject had been on an ordinary geneial diet There was a 
slight quantitative difference in the composite curves, which was 
explained on the basis of the diffeience in the composition of the diets 

Medical Arts Building 
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isomei ic cycle form has been shown to exist 1 the original conception 
prevails that urea is largely a waste product excieted almost entirely by 
the kidneys The small fraction of ingested urea diverted to other 
channels is probably more than compensated for by the endogenous 
quota formed by tissue catabolism 

Speculations regaidmg a protein sparing function of ingested urea 
are apparently unsubstantiated by the existing evidence foi the irreversi- 
bility of uiea formation in the body 1 

The importance of these piennses is apparent, since the validity of 
all kidney function tests m which urea is employed, is dependent on 
their verity 

The idea of estimating renal function, by the rapidity of elimination 
fiom the blood of previously ingested urea, is not original A survey 
of the hteiatuie, however, yielded only two references One of these 
is by Archer and Robb, 5 and the other is a recent one by Rhodebeck, 6 
which appeared m the bulletin of a local hospital 

Rhodebeck failed to obtain results of any piactical value The 
factor responsible for his observations is discussed m detail subsequently 
in this paper At present, it is sufficient to point out that the excessive 
fluid intake prescribed in his cases produced a diuresis which entailed 
a secondary increase m the late of urea elimination from the blood 
Archer and Robb apparently were the first to attempt the estimation 
of kidney function by a blood urea curve following the ingestion of 
urea Unfortunately, the method which they employed was entirely 
inadequate, since the measurable factoi was dominated by incidental 
variations m blood urea The bizarre urea values presented by them 
cast doubt on the accuiacy of then micromethod, there was no limitation 
of fluid intake in their subjects, the period allotted to their test was too 
short (two hours) to allow the blood urea to leturn to the control 
level m normal persons and to permit of proper interpretation of the 
effects of the ingestion of uiea By following the cuive to the rest 
level as has been done m this series the measurable element is con- 
siderably inci eased and consequently ovei shadows any chance variations 

CONTROL OBSERVATIONS 

The Nonnal Blood Cuive Follozving Vaiymg Doses of Uiea — The 
results m a small group of normal subjects are indicated in chart 1, 
which may be summarized as follows 

1 Laige doses of urea, 20 Gm or over, produced an elevation in 
the blood urea nitrogen reaching a maximum in from two to four 

5 Archer, H E, and Robb, G D The Tolerance of the Body for Urea in 
Health and Disease, Quart J Med 18 274, 1925 

6 Rhodebeck E J Study in Urea Feeding Preliminary Report, Fifth 
Avenue Hosp Clinics, New York, 1927 
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hours, depending on the dose The maximal level obtained was pro- 
portional to the amount of urea ingested 

2 The time required for the blood urea to return to the control 
level similaily appeared dependent on the amount of urea ingested 
Because of the prolonged elevations occurring with large doses of urea, 
the actual time required for the blood urea nitrogen to return to the 
rest level was not determined, since it appeared probable that these 



Chart 1 — Blood urea curves following graduated doses of urea The 
abscissas represent the elevation above rest level 

would persist for longer periods than could reasonably be allotted to 
the procedure 

The Normal Blood Cwve Follozvmg 1 Gm of Urea per 10 Pounds 
of Body Weight — A composite curve using 1 Gm of urea per 10 pounds 
of body weight, or 15 Gm of urea for an average person weighing 
150 pounds (68 Kg ), is shown in chart 2 Sixty-five determinations 
of the blood urea nitrogen in twenty-seven normal cases are plotted 
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at vaiious intervals following the ingestion of uiea These results may- 
be summarized as follows 

1 Under the conditions of our observations, the ingestion of this 
amount of urea by normal subjects produced a sharp elevation m the 
blood occurring between the first and second hour and followed by a 
gradual fall to the control level within fourteen hours 

2 The maximal elevation usually occurred about the first houi, its 
extent varying, however, in individual cases In some cases, elevations 
as high as 14 or 15 mg of urea nitrogen above the rest level were 
obtained 

3 The blood urea level at the second hour was subject to less 
variation The average elevation above the rest level was 10 1 mg of 
blood urea nitrogen 

This is of considerable mtei est, since it checks closely with the 
results of Marshal and Davis 2 who calculated that 15 Gm of urea 
at equilibrium produced a rise of about 10 mg of blood urea nitrogen 
in a person weighing 150 pounds (70 Kg ) Rabmowitch, 7 incident to 
a study of the MacLean test, repoited an average elevation of 9 5 mg 
of blood urea nitrogen, two houis following the ingestion of 15 Gm 
of urea m 200 noimal subjects 

The explanation of the fluctuations occuiring dui mg the early period 
of absoiption is indicated by the woik of Marshal and Davis Following 
the mtiavenous injection of urea into animals, they discovered that the 
immediate elevation in the blood urea was followed by a rapid fall, 
which they ascubed to diffusion into the tissues Eighteen minutes 
following the injection, equilibrium between blood and tissue had not 
yet been reached It is obvious that an even longer period would be 
necessary to establish equilibrium following oral administration 

In view of the relative constancy m the concentiation of blood urea 
two hours following ingestion, it was concluded that this lepresented 
the equilibrium level and was selected as a critical point for compaiative 
observations At this time, the blood urea concentration is lougbly 
dependent on the body weight, i e , the amount of tissue available for 
the diffusion of urea 

Urea diffuses leadily into all the tissues excepting bone, fat, cartilage 
and dermal structuies According to Marshal and Davis, 2 over 90 
per cent of all tissues contain urea Similarly it diffuses into exudates 
and edema fluid 8 At equilibrium, the concentration of uiea m the blood 
and tissues is identical, with the exception of the tissues mentioned and 

7 Rabmowitch, I M The Urea Concentration Test, Arch Int Med 
28 827 (Dec ) 1921 

8 Dennis, W , and Minot, A S The Nonprotein Constituents of Edema 
Fluids, Arch Int Med 23 879 (Dec ) 1917 



KING— UREA TOLERANCE TEST 


881 


the kidneys, in which the concentiation of uiea is much higher than 
in the blood This does not necessarily indicate storage of urea, since 
m the chemical analysis of kidney tissue contamination with mine is 
unavoidable 

Excietion of uiea by the kidneys and its distnbution throughout the 
tissues, occurring simultaneously, accounts foi the sharp fall which 
fiequently occuis in the blood concentiation, from the early maximum 



Chart 2 — The normal blood urea curve following the ingestion of 1 Gm 
of urea per 10 pounds of body weight A composite curve of sixty-five esti- 
mations at varying periods after urea ingestion in twenty-seven normal subjects 
The abscissas represent the elevation above rest level The circles indicate 
average values 

level to the point of equilibrium The late of urea excietion is greatest 
when the concentiation of urea m the blood is highest From 3 to 
4 Gm of urea may be excreted in the mine m the first two hours 
after ingestion The importance of this factor is indicated by the high 
levels of blood urea occurring at the point of equilibnum m cases with 
impaiied renal function 
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In order to produce a similar rise of 10 mg of blood urea nitrogen 
two hours after the ingestion of the urea in persons of varying weight, 
corrections are necessary on the basis of 1 Gm of urea for every 10 
pounds deviation from 150 pounds Thus, a person weighing 120 
pounds (54 4 Kg) would require a test dose of 12 Gm of urea, and 
one weighing 170 pounds (77 1 Kg ) would require 17 Gm Similar 
adjustments are necessary for edema fluids and effusions The reason 
for these corrections is the necessity of producing elevations of blood 
urea as nearly identical as possible To obtain comparable results, the 
response of the kidneys to an identical stimulus must be studied, this 
being the elevation m the blood uiea nitrogen 

The rate of absorption from the gastio-mtestmal tract undoubtedly 
modifies these conclusions It seemed doubtful whether the elimination 
of this factor through the intravenous administration of urea would be 
worth the technical difficulties introduced, and from previous considera- 
tions, it appeared improbable that it could be entirely eliminated 

Table 1 — Blood Uiea Vauations Ovei a Foui teen-II out Fasting Peuod 


Mg of Blood Urea Nitrogen per 100 Cc 

A , 


Case 

Control 

After 14 Hours 

Variation 

Kidney ^Function 

H 

1S1 

202 

+21 

Normal 

B 

21 2 

18 9 

—23 

Normal 

M 

11 7 

15 2 

+0 5 

Normal 

M 

70 

G7 

—0 3 

Normal 

R 

42 8 

40 8 

—20 

Severely impaired 


4 In all normal cases, the blood uiea nitrogen had fallen within 
2 mg of the rest level at the end of fourteen houis In many cases, 
the return to rest level occurred even after twelve hours, but since 
this was not umfoimly true, fourteen houis w r as chosen as the period 
for observation Objections to the length of this peuod, lepresentmg 
one of starvation, were overcome to a great extent by the administration 
of urea in the evening carrying the test through the sleeping hours 
A few control observations were made to study the normal variation 
m blood uiea occurring over a foui teen-hour fast period In four 
normal cases and in one of severe nephritis, the variation between the 
values at the beginning and at the end of this period did not exceed 
2 3 mg of urea nitrogen (table 1) 

These results check closely with the observations of MacKay and 
MacKay, 9 who found the houily vanation m blood urea nitrogen did 
not exceed 3 mg m six normal subjects, who were studied over long 
periods under ordinary conditions It would be expected that the varia- 
tions m blood urea would be diminished under the conditions of our 

9 MacKay, E , and MacKay, L L The Concentration of Urea in the 
Blood of Normal Individuals, J Clin Investigation 4 295, 1927 
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observations, as the subjects stayed in bed and did not receive any food 
during the period studied 

One gram of urea for each 10 pounds of body weight or 15 Gm 
for an average adult weighing 150 pounds was chosen as the standard 
dose for the following reasons 

1 The period required for the blood urea to return to the control 
level is considerably shorter than that with larger doses 

2 Smaller amounts of urea produce an insufficient rise m the blood 
to be of value m plotting a curve' 

3 This is the dose employed in the MacLean urea concentration 
test, which could be performed simultaneously, if desired 

4 Although this amount of urea is ingested without difficulty, larger 
doses may occasionally produce disturbances of the gastro-mtestmal 
tract 

Calculation of the dose of urea m grams and the body weight in 
pounds may provoke criticism The utility of this step is obvious, 
since by so doing, decimal points and fractions are eliminated from 
the calculations 

The Influence of the Volume of Unne on the Exaction of Uiea — 
In the loutme adopted in this test, about 500 cc of fluids was permitted, 
the purpose being to obtain modeiate volumes of urine foi the 
fourteen-houi period 

The influence of the volume of urme on the rate of excretion of 
urea has been the subject of considerable investigation since the work 
of Ambard Austin, Stillman and Van Slyke 10 concluded that the rate 
of excretion of urea was proportional to the square root of the volume 
of urme withm certain limits This mathematical relationship has not 
been entirely confirmed Addis 11 came to the conclusion that a relation- 
ship between the volume of urme and the rate of excretion of urea 
existed only with oliguria, and that with increasing volumes of uiea 
the rate of excretion of urea was augmented only temporarily 
Within certain limits, however, it is agreed that the volume of urme 
does influence the rate of excretion of urea 

This feature was illustrated by certain observations m a normal 
subject, who did not take the full amount of fluid allotted and perspired 
considerably during the course of the test The volume of urme for 
the fourteen hour period m this case was only 150 cc A persistent 
elevation amounting to 3 6 mg of blood urea nitrogen was present at 

10 Austin, Stillman and Van Slyke (footnote 4, third reference) 

11 Addis, T, and Watanabe, J The Effect of Changing the Volume of 
Urme on the Excretion of Urea, J Biol Chem 29 399, 1917 Addis, T , and 
Drury, D R The Effect of Changes in Urine Volume on the Rate of Urea 
Excretion, J Biol Chem 55 639, 1923 
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the end of the test Repetition of the procedure with provisions for 
an adequate volume of urine yielded a normal curve (case A F , table 2) 
The excietion of 15 Gm of urea in 150 cc of urine is apparently 
beyond the capacity of the' normal kidney This would necessitate 
concentration of urea in the urine of 10 per cent, which Ambard, 12 
Addis 13 and others 14 have shown does not occur even undei the most 
unusual conditions 

Case B C , table 2, lllustiates the effect of increasing the fluid intake 
m a patient with slightly impaired kidney function A slight 
retention m the blood curve initially present disappeaied when the 
volume of urine was increased by the foiced ingestion of fluid In 
case M N (table 2) with kidney function severely impaued, increasing 
the urine volume from 700 to 1,100 cc markedly diminished the blood 
urea letention In patients with impaired kidney function, polyuna 

Table 2 — Influence of the Volume of Unne on the Blood Uiea Curve 


Urea Test 


Mg of Blood Urea Nitrogen 
per Hundred Cubic Centimeters 


After Urea 




f 

— A 

14 Hrs 


Urine 


Case 

Control 

2 Hrs 

Retention 

1 olume 

Clinical Diagnosis 

A P 

13 0 

23 9 

16 6 

36 

150 

Normal 


18 0 


18 6 

0 6 

650* 


B C 

161 

29 5 

18 6 

25 

500 

Nephritis of pregnancy 


171 

310 

17 5 

04 

1025* 


M N 

20 4 

36 0 

32 8 

12 4 

700 

Chronic nephritis 


26 9 

46 4 

34 0 

71 

1100 



* Increased fluid intake 


appeals to exist as a compensatory mechanism to peinnt the elimination 
of uiea and other waste products 

The piopei evaluation of the changes in the blood uiea following 
the ingestion of uiea demands that the volume of urine must be within 
certain limits The optimal volume m this kidney function test is about 
500 cc Under such conditions, considerable woilc is lequired from 
the kidney which is forced to excrete urea m concentrations over 3 
pei cent to prevent retention m the blood Increased fluid intake or 
even neglect m restricting fluids will normally result m polyuria, owing 
to the mtnnsic diuietic action of the ingested urea Undei such con- 

12 Ambard (footnote 4, second reference) 

13 Addis, T , and Foster, M G The Concentrating Capacity of the Kid- 
neys, Arch Int Med 34 462 (Oct ) 1924 

14 Adolph, E F Excretion of Water by the Kidneys, Am J Physiol 
65 419, 1923 A^olhard (footnote 3, second reference) Ambard (footnote 4, 
third reference) 
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ditions, the capacity of the kidneys to peiform work, 1 e , to concentiate 
urea m the urine, cannot be properly studied 

Some recent work by Rhodebeck 6 published dui mg the course of 
this investigation illustrates the erroneous results that may be obtained 
if this factor is neglected He reported similar blood curves following 
the ingestion of uiea by nonnal peisons and m persons with nephritis 
His results aie readily explained by the conditions of his experiments, 
m which excessive fluid intake produced a marked polyuria Under 
such conditions, urea is eliminated with equal facility by normal and 
by some impaired kidneys 

THE METHOD OF STUDY 

Although slight changes were at first necessaiy, the following method 
was subsequently adopted for purposes of uniformity and simplicity 

1 Supper was not usually given on the evening of the test A 
meal low m protein content, consisting of fiuit or a vegetable salad, 
taken several hours before the test did not appear to affect the results 
materially Moderate lestriction of fluid, however, was found to be 
essential 

2 In the evening at the beginning of the test, the patient voided, 
and the specimen was discarded He was then instructed to collect 
all urine until the test was completed 

3 At this tune, an oxalated specimen of blood was collected 

4 The patient was then given 1 Gm of urea foi each 10 pounds 
of body weight, i e, 15 Gm for an adult weighing 150 pounds 
Crystalline urea was dissolved in about 8 ounces of well sweetened 
lemonade It was found that urea is best taken m such a vehicle Tea 
and coffee weie avoided because of their diuretic action It is necessarily 
essential to insure the complete ingestion of the urea If vomiting 
occurred, the test was abandoned This, however, took place only once 
in our senes 

5 Two houis following the ingestion of urea, a second specimen 
of blood was collected When inconvenient, this specimen was omitted 
without matenally affecting the mteipretation of the test 

6 To insure both ease of supervision and to dimmish metabolism, 
the patient stayed in bed during the entile period of observation Since 
this occurred at night, it was not found irksome 

7 The following morning, fourteen hours after the ingestion of 
urea, the last specimen of blood was taken At this time, the volume 
of urine was measured, thus completing the test 

This method was found simple in execution and interfered little 
with hospital routine or the comfoit of the patient The omission of 
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the second specimen of blood permitted the use of this test in some 
cases m the outpatient department 

The method used for the estimation of blood urea nitrogen is the 
one described by Myers 15 

INTERPRET ATIO N 

1 It was found that for all practical purposes, the concentration of 
blood urea at the second hour yielded relatively minor information, 
except that it indicated adequate absorption of urea Although in 
patients with severely impaiied kidney function the elevation was 
usually of greater extent than m the normal person, this varied even in 
the same person 

2 The elevation of blood urea nitrogen persisting above the rest level 
fourteen hours after the ingestion of uiea was employed as the basis 
of interpretation of this test 

Variations up to 2 mg of blood urea nitrogen above the control 
level were considered within normal limits, providing the output of 
urine was not excessive 

3 Under the conditions of this procedure m which excessive intake 
of fluid was prohibited, a urine volume of over 750 cc for the fourteen- 
hour period was considered abnormal 

CLINICAL APPLICATION 

It is generally recognized that for most practical purposes the fasting 
blood urea is a good index of kidney function MacKay and MacKay 16 
have recently shown that an increase in fasting blood urea does not 
occui until over 50 per cent of the kidney structure has been destroyed 
When kidney function is grossly impaired as indicated by the functional 
tests in common use, any new modification or procedure is superfluous 
It is only in the larger group of cases in which insidious pathologic 
changes of the kidneys are present, which are not indicated by casual 
examination, that a new test may be of value 

There are too many unknown variable factors influencing the 
function of the kidneys for the results of any test to be strictly quan- 
titative in character It is not claimed that the degree of retention of 
urea strictly parallels the extent of pathologic change in the kidneys 
That function and structure are not always parallel is generally 
recognized The purpose has been to determine if minor degrees of 
impaired kidney function could be detected which under ordinary condi- 

15 Myers, V C Practical Chemical Analysis of the Blood, St Louis, C V 
Mosby Company, 1924, p 45 

16 MacKay, E , and MacKay, L L The Relation Between the Blood Urea 
Concentration and the Amount of Functioning Renal Tissue, J Clin Investi- 
gation 4 127, 1927 
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tions escape observation By subjecting the kidney to the necessity of 
eliminating a relatively large amount of urea in a limited volume of 
urine, conditions of strain are produced to which only a perfectly func- 
tioning kidney can respond normally It has been previously shown 
that if these conditions be made still more severe by further decreasing 
the urine volume even the normal kidney becomes inadequate to the 
task of complete elimination of the additional urea m the given time 
The material m this study was divided into three groups from 
the point of view of renal function a normal group , one in which 
renal function was definitely impaired, and a third m which impairment 


Table 3 — Uiea Test in Patients with Definitely Impaued Kidney Functions * 


Urea Test 





r - 

Mg of Blood Urea Nitrogen per 

' 



Bloodf 

Hundred Cubic Centimeters 




Urea 

r 


J- 

\ 

Urine 



Nitrogen 


After Urea 


Volume 



Mg 



A 

Reten- 

in Cc 


Case 

100 Cc 

Control 

2 Hrs 

14 Hrs 

tion 

14 Hrs 

Clinical Diagnosis 

A P 

204 

204 

387 

36 3 

15 9 

6f0 

Chronic diffuse nephritis 

J R 

50 0 

471 

634 

01 0 

13 9 

700 

Chronic nephritis 

0 G 

18 0 

18 6 

31 8 

279 

0 3 

400 

Syphilis, amyloidosis 

M G 

11 7 

116 

27 4 

20 7 

02 

800 

Bilateral cystic kidney t 

J P 

325 

259 

35 0 

312 

53 

1200 

Pyelonephritis, chronic nephritis § 

P A 

38 4 

20 0 

30 4 

351 

91 

900 

Paralysis of bladder, tumor of 








the cord t 

E K 

Si 8 

201 

34 4 

270 

75 

1500 

Calculus in renal pelvis, pernicious 








anemia t 

J B 

12 0 

08 

210 

18 4 

86 

1050 

Chronic nephritis 

M N 

10 7 

20 4 

300 

32 8 

12 4 

700 

Chronic nephritis § 

J M 

20 2 

22 5 

35 0 

29 3 

G 8 

1120 

Chronic nephritis 

A D 

75 0 

70 2 

82 0 

85 0 

14 8 

400 

Chronic nephritis, uremia § 

I W 

54 8 

S3 3 

01 0 

993 

10 0 

200 

Chronic nephritis, uremia 

1/ D 

18 4 

17 0 

318 

24 0 

01 

1100 

Cerebrospinal syphilis, paralysis 








of bladder t 

A P 

10 4 

25 0 

44 0 

321 

71 

700 

Pyelonephritis 

J B 

14 2 

12 3 


230 

110 

400 

Acute nephritis 

F B 

12 0 

10 7 

222 

15 7 

50 

480 

Pernicious anemia 


* Protein, casts or cells were present In the urine in all cases The two hour and phenol- 
sulphonphthalcin test were impaired In all cases 
t On admission 

i Confirmed by exploratory operation 
§ Confirmed by tissue examination 


of renal function was suspected The clinical observations, the routine 
examination of the urine, the fasting blood urea, uric acid and creatinine, 
the two-hour test, the phenolsulphonphthalem test and occasionally the 
MacLean test were used as the basis for classification The results in 
the normal group have already been discussed 

The Blood Urea Cuive in Patients with Definitely Impaired Renal 
Function — The changes occurring in the blood urea in a group of six- 
teen patients with definitely impaired renal function are indicated in 
table 3 and chart 3 These patients showed evidence of a pathologic 
processes m the kidneys, indicated by large amounts of urinary protein, 
red blood cells or casts In half of this group, initially elevated blood 
urea, uric acid and creatinine values were present Impairment of renal 
function was evident by the abnormal two-hour tests and the diminished 
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excretion of phenolsulphonphthalem The initially low blood urea 
values m some were deceptive, since they weie attributable to previous 
prolonged protein restriction In seveial of this group, the diagnosis 
was subsequently confirmed by autopsy The results may be sum- 
marized as follows 



Chart 3 — The blood urea curve with kidney function severely impaired 
A composite curve of sixteen cases with advanced renal functional impairment 
following the ingestion of 1 Gm of urea per ten pounds of body weight The 
abscissas represent the elevations above rest level The circles indicate aver- 
age values 

1 The blood urea, two hours following the ingestion of urea, was 
definitely higher than normal The average elevation m teims of blood 
urea nitrogen was 15 9, contrasted with a normal average of 10 5 
Individual elevations of over 18 mg were obtained 
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2 After fouiteen hours, theie remained an average residual elevation 
of 10 3 mg above the conti ol level Consequently, on the aveiage, 
less than one third of the urea given had disappeaied fiom the blood 

3 In about half of these cases, a maiked polyuria, over 750 cc , 
was piesent for the foui teen-hour penod m addition to the abnormal 
blood curve 

4 In two cases of uremia, the blood urea continued to use dui mg 
the fourteen houis Appaiently, the kidneys weie unable to eliminate 
not only the uiea admmisteied, but also that produced by catabolism 
of the tissues, which is known to be mci eased in this condition 17 
Another intei estmg featuie was the loss of the compensatory polyuna, 
which was replaced by a relative oliguria m these two cases 

It is to be noted that m none of these patients who were seveiely 
ill did the ingestion of uiea pioduce any discomfort oi influence their 
clinical condition in any way 

The Blood Uiea Cwve m Patients tn Whom Imparnnent of Renal 
Function was Suspected — A third gioup of patients weie studied m 
whom pathologic processes seemed present m the kidneys, and some 
impairment of lenal function was suspected but not confiimed by the 
usual methods The basis for selection of these patients was the pies- 
ence of model ate to laige amounts of protein, casts and red blood cells 
m the mine, with nonnal contents of the blood and noimal, two boui 
and phenolsulphonphthalein tests Included in this gioup were some 
patients m whom it is clinically lecognized that depression of lenal 
function may occui The gioup consisted of cases of acute glomeiulai 
nephritis, eaily cases of chronic diffuse nephritis, nephiosis, infections 
and obstiuctive lesions of the uiinaiy tiact, chionic passive congestion 
due to caidiac disease and some cases of jaundice and seveie anemia 
The results m this gioup indicated in table 4, aie classified undei their 
clmical subdivisions 

Pnmaiy Renal Disease Model ate letention of uiea above the lest 
level after fourteen hours occui led m cases of acute nephntis, chionic 
nephritis, pnmaiy conti acted kidneys and vanous infections and obstiuc- 
tions of the uiinaiy tract Even in eaily lenal disease, such as m mild 
subsiding glomeiulai nephntis, nephiosis and mmoi infections of the 
urinary tract, the letention of uiea though less maiked was unmistakable 
In some of these cases, diminished function was also made evident by a 
maiked foui teen-hour polyuna 

Caidiac Disease In the well compensated stage of cardiac dis- 
ease, a normal lesponse was obtained, and this was true even m some 
cases with edema The fixation of the two hour test at a high level which 
is usual in these cases is piobably dependent on disturbed excretion of 

17 Mosenthal, H O Metabolism m Nephritis Endocrinology and Metab- 
olism, vol 4, New York, D Appleton & Company, 1922, p 337 
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salt and water, which at first does not influence the elimination of 
nitrogen as long as the volume of urine is adequate In one case, that 
of A S (table 4), retention of urea was noted during the stage of 
marked chronic passive congestion, subsequently a normal reaction to 
the test occurred when the efficiency of the circulation had been restored 
That this retention was probably due to an actual disturbance m renal 


Table 4 — Urea Test in Patients m Whom Impairment of Kidney 
Function zvas Suspected ~ 






Urea Test 






f 

Mg of Blood Urea Nitrogen per 

\ 



Bloodf 

Hundred Cubic Centimeters 




Urea 

r — 


-A- 

\ 

Urine 



Nitrogen 


After Urea 


Volume 



31g 



—A_ ^ 

Reten 

in Cc 


Case 

100 Cc 

Control 

2 Hrs 

14 Hrs 

tion 

14 Hrs 

Clinical Diagnosis 

T 0 

15 6 

222 

34 3 

305 

S3 

500 

Chronic nephritis 

M W 

17 9 

12 S 

274 

21 4 

86 

650 

Acute nephritis 

L K 

19 7 

21 4 

28 8 

250 

36 

450 

Chronic nephritis 

M H 

16 6 

ISO 

40 0 

284 

10 4 

900 

Chronic nephritis, hypertension 

H G 

12 4 

15 3 

29 4 

22 8 

75 

400 

Tuberculosis of kidney 

I, M 

29 8 

12 3 

20 7 

19 8 

75 

600 

Chronic nephritis, cardiac decom 








pensation 

M H 

10 5 

10 5 


15 3 

48 

620 

Pyelonephritis 

R G 

116 

11 1 

226 

17 5 

64 

520 

Renal tuberculosis 

G K 

117 

121 

216 

16 8 

47 

450 

Cystitis and pyelitis 

A B 

20 8 

20 2 

326 

22 4 

22 

1400 

Large renal calculus 

C M 

99 

10 2 

19 7 

11 8 

1 6 

800 

Pyelitis 

M B 

119 

10 5 

20 0 

13 5 

30 

500 

Pulmonary Tuberculosis, nephrosis 

M P 

28 0 

15 2 

34 4 

204 

52 


Renal calculus, multiple abscesses 








of kidney 

I 31 

111 

10 0 

17 3 

10 3 

3 

1800 

Hydronephrosis 

H E 

11 3 

113 


14 4 

31 

500 

Albuminuria 

B C 


161 

295 

18 6 

25 

500 

Toxemia of pregnancj, hyperten 








sion 

D F 

18 4 

17 2 


20 6 

34 


Jaundice, cholecystitis 

E D 

220 

22 9 

36 0 

298 

69 

500 

Jaundice, ascites, syphilis of liver 

A D 

97 

13 6 

21 6 

17 0 

34 

1400 

Jaundice, hepatitis, renal calculus 

A S 

15 2 

14 0 

316 

214 

7 4 

700 

Cardiac decompensation, with 








ascites and edema 

A S 

14 6 

12 2 

19 8 

12 5 

3 

680 

Cardiac, same case, compensated, 








no edema 

31 D 

16 6 

13 4 

26 0 

17 3 

39 

400 

Jaundice, cardiac decompensation 

G R 

12 4 

21 0 


24 4 

34 

400 

Jaundice, cancer of the liver 

31 T 

10 5 

SO 

16 4 

13 6 

47 

600 

Jaundice, severe anemia 

N B 

18 4 

91 

21 0 

14 5 

5 4 

600 

Pernicious anemia 

W T 

12 8 

97 

20 6 

13 3 

3 6 

380 

Pernicious anemia 

P C 

10 0 

13 5 


15 4 

1 9 


Hypertension 

A S 

121 

18 6 


19 0 

4 

550 

Essential hypertension 

B Z 

12 2 

11 0 


110 

0 

650 

Hypertension, previous nephrect- 








omy 

J 31 

18 0 

15 9 


16 4 

5 


Essential hypertension, aortitis 

J W 


90 


99 

9 

450 

Essential hypertension 


* The two hour and phenolsulphonphthalein tests were normal m all cases Protein, cells 
or casts were present m the urine in all cases 
t On admission 


function dependent on disturbed circulation rather than to oliguria was 
evidenced by the adequate volume of urine, of 700 cc originally present 
during the fourteen-hour period It is obvious that urea retention can 
occur in cases of chronic passive congestion with marked oliguria or 
anuria 

Essential Hypertension In the absence of nephritis or contracted 
kidney, neither abnormal retention of urea nor polyuria occurred in five 
cases studied 
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Jaundice The occurrence of renal irritation incident to prolonged 
jaundice is generally recognized 18 Protein and casts are frequently 
present m the urine in this condition In several cases of hepatic disease 
with jaundice and ascites, moderate retention of urea occurred (cases 
D F,E D,M L,G R and M T , table 4) It seems hazardous to 
conclude that this indicates purely renal impairment, since the influence 
of the liver on urea metabolism is still poorly understood 

Anemia The occurrence of impaired kidney function in pernicious 
anemia was first pointed out by Mosenthal 19 m a study of the two 
hour test, and subsequently by Christian 20 The frequency of a mild 
pathologic process of the kidneys in this condition has recently been 
emphasized by Stieglitz 21 In four cases of pernicious anemia, moderate 
retention of urea occurred in the blood following the ingestion of urea 
Retention did not occur m several cases of secondary anemia 

The miscellaneous character of the remaining cases does not permit 
of any further clinical classification 

COMMENT 

The purpose of this investigation has been to ascertain whether 
renal function can accurately be gaged by the capacity of the kidney to 
excrete large amounts of urea under special conditions This has been 
done by a study of the changes occurring m the concentration of blood 
urea following the ingestion of 15 Gm of urea for an adult weighing 
150 pounds or the equivalent by weight An important element m 
this procedure is the limitation in urinary volume to about 500 for the 
fourteen hour period when possible Under these conditions the results 
obtained show a degree of sensitivity comparing favorably with most 
kidney function tests 

Objections may arise to the assumption of measuring renal function 
as a whole, by the capacity to eliminate urea “It is generally recognized 
that the kidney does not accomplish work as a unit, but that in forming 
urine, it eliminates salt, water, uric acid, and urea, by processes which 
to a certain extent are independent of one another 22 Thus Myers, Fine 

18 McCrae in Osier Modern Medicine, vol 3, Philadelphia, Lea & Febiger, 
1926 

19 Mosenthal, H O Renal Function as Measured by the Elimination of 
Fluids, Salt and Nitrogen and the Specific Gravity of the Urine, Arch Int Med 
16 73 3 (Nov ) 1915 

20 Christian, H A Renal Function in Anemia, Arch Int Med 18:429 
(Oct) 1916 

21 Stieglitz, E J Disturbances of Renal Function in Pernicious Anemia, 
Arch Int Med 33 ‘58 (Jan) 1924 

22 Mosenthal, H O The Value of Tests for Renal Function in Clinical 
Medicine, Ohio State M J 18 348 (May) 1922 
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and Lough 23 found that m the early stages of lmpaned renal function 
uric acid letention preceded that of uiea m the blood Although many 
functions are performed by the kidney, it is probable that the elimination 
of nitrogen is one of the most fundamental and the earliest unpaired 
Recently it has been recognized that m nephrosis and possibly m chronic 
passive congestion, the retention of water and salt occuis pumarily in 
the body, 24 and that no essential impairment of kidney function is 
piesent DeWesslow 25 has shown that in the absence of edema, the 
excretion of sodium chloride and nitrogen is strictly parallel, and that 
both ai e retained to a like degree m chronic nephritis, while Denis 26 
and Loeb and Benedict 27 reported a similar relationship between sul- 
phate and mtiogen 

CONCLUSIONS 

1 Following the ingestion of 1 Gm of urea per 10 pounds of body 
weight, a chaiacteustic normal curve of blood uiea was obtained The 
blood urea letuined to the conti ol level m fourteen houis 

2 Under similar conditions, a ladically different curve was obtained 
m cases of impaued kidney function Deviation from the normal 
occurred even m the early stages of lenal impairment With severely 
impaired lenal function, the deviation from the normal was maiked 

3 Early degrees of lenal impairment were frequently indicated by 
marked fourteen hour polyuria (over 750 cc ), although the blood curve 
lemained normal 

4 Based on these results, a simple test of kidney function is 
described, and the clinical applications are discussed 

23 Myers, V C , Fine, M S , and Lough, W G The Significance of the 
Uric Acid, Urea and Creatinin in Nephritis, Arch Int Med 17 570 (April) 1916 

24 Fishberg, A M The Unitar)' Nature of Impairment of Renal Function, 
Arch Int Med 38 259 (Aug ) 1926 Aldrich, C A A study of the Clinical 
Course of Generalized Edema, J A M A 84 481 (Feb 14) 1925 

25 DeWesslow, O L V The Excretion of Chlorides by the Healthy and 
Diseased Kidney, Quart J Med 19 53 (Oct ) 1925 

26 Denis, W Sulphates in the Blood, J Biol Chern 49 311, 1921 

27 Loeb, R F , and Benedict, E M Inorganic Sulphates in Human Blood, 
J Clin Investigation 4 33, 1927 



AGRANULOCYTOSIS (SCHULTZ) AND THE 
AGRANULOCYTIC SYMPTOM 
COMPLEX * 

WILLIAM C HUEPER, MD 

CHICAGO 

In 1922, Schultz 1 descnbed a series of cases of a peculiar type of 
necrosing angina accompanied by a marked absolute and especially 
gianulocytic leukopenia He asset ted that these symptoms were mani- 
festations of a specific disease which he called “agranulocytosis ” Since 
that time, numeious lepoits of similar cases, at piesent about 125, 
have appealed in the liteiatuie designated as agranulocytosis or 
agi anulocy tic angina (Fnedemann 2 ) The lesults of an investigation 
of 5 cases of agranulocytosis obseived between November, 1927, and 
Apnl, 1928, and a caieful and cntical study of a laige numbei of 
lecords of agi anulocytoses induced me to present a discussion of the 
symptomatology, pathology and differential diagnosis of this disease, 
because, m my opinion, the term “agianulocytosis” is in a number of 
cases applied to conditions which differ distinctly fiom those for which 
Schultz mtioduced this name The following description of the clinical 
and pathologic aspects of the disease was obtained after the exclusion 
of all those cases which could not be definitely classified among the 
essential agi anulocytoses 

SYMPTOMATOLOGY 

Previous diseases, especially those of the throat, appaiently do not 
have any causative significance In one case, a commotio cerebri pie- 
ceded the onset of the disease by seveial days, and m two cases the 
patients were undei treatment for syphilis Eithei the agranulocytosis 
starts after a moie or less proti acted period of ill health during which 
the patients complain that they become easily tiled, feel weak and 
suffer from fiequent headache, oi, moie fiequently, it suddenly occuis 
while the patients aie m full health The symptoms at the onset are 
high fevei of the continued type (fiom 102 to 104 F ), a pulse of 

' From the Department of Pathology, Loyola University School of Medicine, 
and the Laboratories of Mercy Hospital 

1 Schultz Ueber eigenartige Halserkrankungen, Deutsche med Wchnschr 
48 1495, 1922 Schultz and Mirisch Zur Frage der Anginen mit reaktiver 
Vermehrung Lymphoider Zellen lm Blut, Virchows Arch f path Anat 264 760, 
1927 Schultz Seltene Angmaformen und lhre Behandlung, Klin Wchnschr 
6 2437, 1927, Zur Frage der Anginen mit atypischem Verlauf, Deutsche med 
Wchnschr 53 1213, 1927 

2 Friedemann Ueber Angina agranulocytica, Ztschr f Hals-, Nasen- u 
Ohrenh 13 473, 1926 
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high rate and bad quality (from 110 to 140), general malaise, dysphagia 
and dyspnea One or several chills may precede or accompany these 
symptoms The sore throat makes its appearance at the start or during 
the first three or four days A rash, herpes labiahs, vomiting and 
pains in the hypogastric region may occur, but are not common During 
the course of the disease, the development of a slight, rarely intense 
jaundice may take place (m about 50 per cent of the cases reported) 
Diarrhea also may set m during this stage, but it is a less frequent 
symptom The patient usually grows worse rapidly, and death results 
after coma of fiom two to seven days’ duiation m most of the cases 
A more chronic course, lasting several weeks, occurs less frequently 
Remissions of from a few days sometimes to several weeks may rarely 
occui The outcome of the disease is in general fatal Recoveries are 
recorded m only a few instances (six) Physical examination shows the 
following In the beginning, the tonsils are enlarged and reddened 
and show white or yellowish plugs These soon merge to duty gray 
or yellow coats, on removal of which an ulcerated surface appears 
In the progress of the disease, the tonsillar tissue may become greenish 
black, and the gangrenous material may slough, sometimes leaving only 
small stumps of the tonsils Similar necrosing processes may be found 
on the pillars, uvula, palate, base of the tongue, pharynx or gums, 
representing either extensions of the tonsillar alterations or independent- 
processes Stomatitis is frequently present, and an offensive foetor ex 
ore is always noticeable The tongue is usually coated Hemorrhages 
fiom the ulcers or underneath the mucosa rarely occur The sub- 
maxillary and cervical lymph nodes are enlarged and tender The heart 
is generally normal, except for increased activity The blood pressure 
maj be somewhat lowered In the beginning examination of the lungs 
gives negative results, but later a condition similar to that present in 
bronchopneumonia may be noticed Palpation of the abdomen some- 
times reveals tenderness in the epigastric region, especially over the 
gallbladder The liver and the spleen, the latter more often than the 
formei, are fiequently enlarged Ulcerations similar m appearance to 
those m the mouth may be observed m the anal region and at the 
vulva, vagina and utenne cervix Tests for hemorrhagic diathesis 
(Rumpel-Leede) give negative lesults Petechial hemorrhages m the 
skin are raie and scanty Examination of the urine for albumin always 
gives slightly positive results The sediment shows hyaline and granular 
casts, leukocytes and erythrocytes Ehrlich's test and the test for sugar 
are negative Urobilin and urobilinogen may be present in the patients 
who have jaundice The bacteriologic examination of the throat does 
not lender results of any special significance Staphylococci, strepto- 
cocci and pneumococci are the micro-organisms usually found Fuso- 
spinllosis was npted m about 10 per cent of the cases The most 
important observations are made during examination of the blood 
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There is a considerable decrease m the numbei of the leukocytes, which 
becomes moie and more maiked toward death (fiom 1,500 to 100 in 
1 c mm ) The granulocytic cells evidently deciease first and may finally 
disappear completely Immature forms of these cells are not piesent, 
but degenerative forms may be observed Besides the absolute 
granulocytic leukopenia, there is also a lymphocytic decrease which 
follows closely that of the granulocytic cells The monocytes are some- 
times tempoianly somewhat increased in number The oxydase reaction 
is always negative foi these cells The red blood cell picture 
(erythrocytes and hemoglobin) is normal or shows only minoi changes 
The numbei of the thiombocytes is either normal or increased 
Pathologically, large forms aie not raiely obseived The coagulation 
time and bleeding time are noimal The W idal test and the Wasseimann 
test aie negative, fexcept in patients pieviously infected with the cor- 
lespondmg diseases Blood cultuies are moie likely to be negative 
than positive (in about 10 per cent) Diffeient bacteria may be obtained 
on cultuie (hemolytic and nonhemolytic streptococci and staphylococci, 
Streptococcus vindans, Bacillus pyocyaneus, Bacillus acidi-lactici and 
Bacillus colt) Positive cultures are rarely obtained during the first 
days of the disease 

PATHOLOGY 

The necrosing piocesses in the mouth may vary considerably Only 
a few supeificial ulceiations may be present on the tonsils, oi theie 
may be extensive, multiple, deep gangrenous destructions involving the 
esophagus and the larynx They are sometimes sui rounded by a zone 
that is a wine red in color Microscopically, the bottom of the ulcers 
is composed of three layeis A necrotic, gianular material intermingled 
with numeious bactena forms the uppermost layer In the next one 
underneath, which usually extends into the muscle tissue, the tissue 
is also necrotic but the cellular outlines aie preserved Streaklike 
accumulations of bactena may be found m the intercellular spaces The 
vessels m this region aie thiombotic and contain hyaline or fibunous 
matenal or clotted blood m which the absence of leukocytes is striking 
In the still deeper edematous layer, aieas of living and necrotic tissue 
alternate Smaller and laiger accumulations of lymphocytes and plasma 
cells may be present in varying numbei 

Subpleuial hemorihages aie fiequently observed A fibrinous 
exudate may cover the pleura m places m which dark red, solid, irregular 
small foci are piesent in the lung Such areas are regularly found, 
especially in the lower lobes which, moreover, may show hypostatic 
hyperemia The capillaries of these solidified parts are hyperemic, 
the alveoli aie filled with red blood corpuscles and m places with 
bacterial masses The adjacent alveoli contain an albuminous or 
fibrinous material The absence of leukocytes in these foci is remarkable 
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Subpericardial and subendocardial hemorrhages are frequently seen 

Ulcerations similar to those found in the mouth aie frequently 
present in some or all parts of the digestive tract, especially in the 
esophagus and intestine, where they aie sometimes extensive The 
intestinal lymph follicles are swollen, and the mucosa covering the 
Peyer’s patches may be found ulcerated, as m typhoid fever The 
stomach shows hemorihages and erosions more frequently than small 
single or multiple ulcers 

The liver is usually slightly enlarged and shows evidence of cloudy 
spelling Microscopically, varying degrees of fatty degeneration, 
occasionally multiple focal necroses and in geneial, an increase and 
pi ohf eiation of Kupffei’s cells exist The bile capillaries frequently 
contain bile casts and the liver cells bile pigment Interstitial lymph- 
ocytic infiltrations are sometimes observed m scanty to moderate numbei 

A minor swelling of the spleen is common It is dark red and 
moderately firm, but never soft as in septicemia The lymph follicles 
aie not prominent on the cut surface The sinuses are well filled 
with erythrocytes and prolifeiated reticulo-endothehal cells and lymphoid 
cells Cells positive foi oxydase aie m geneial completely absent or 
are only scantily present Hemosideim is often found m large 
phagocytic cells The lymph follicles are small and atrophic, especially 
the geimmative centers, which aie sometimes composed of matuie 
lymphocytes The prolifeiated reticulo-endothehal cells may outnumber 
the lymphoid cells in the spleen Small anemic necioses are raiely 
obseived 

The submaxillaiy, ceivical, pei ibronchial and mesentenc lymph 
nodes are in general enlarged They may occasionally contain 
hemorihages The micioscopic examination leveals atrophy of the 
1) mph follicles as in the spleen and a pioliferation of the leticulo- 
endothelial cells 

The kidneys usually show signs of cloudy swelling Numerous red 
points the size of a pinhead are found beneath the capsule m the cortex , 
they represent swollen, hyperemic glomeruli On the cut suiface, the 
cortex and medulla are not well demaicated The tubular epithelium 
is m general markedly degenerated, and the tubular lumma aie fre- 
quently filled with casts Petechial hemoirhages aie rarely found 
m the renal pelvis 

The marrow in the fenuu is either completely or paitly composed 
of red manow It is mainly made up of lymphoid cells Erythroblasts 
and megakaryocytes are piesent m noimal numbei s Cells positive foi 
oxydase are rarely seen, and then they are only scanty 

Ulcerations of the same appearance as those descnbed for other 
organs aie frequently obseived on the vulva, vagina and cervix Some- 
times, an mtia-uterme hemorrhage is present 
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GENERAL ASPECTS 

Agranulocytosis is by far more frequent in women than m men 
According to my investigations, the latio is 3 5 1 The disease affects 
mainly those of middle age (fiom 30 to 50), but occurs also in younger 
and m older persons If correct conclusions can be drawn from the 
origin of the leports, the disease seems to be prevalent m Germany 
and Austria The country next in frequency is the United States, 
with Canada next Single cases are described by Dutch, Fiench and 
Italian authors A reason for this peculiar local distribution is not 
evident, and suggestions cannot be offered The disease is apparently 
not contagious 

THERAPY 

Diphtheria antitoxin, arsphenamme locally and intravenously, 
methenamine, mercurochrome-220 soluble, an organic iodine compound- 
casein, alcohol, various silver compounds, and acridine dyes and many 
other local caustics and disinfectants were used without any favorable 
effects Temporary improvement was seen after repeated transfusions 
of large amounts of blood and recovery after administration of 
polyvalent antistreptococcus serum and roentgen-iay irradiation of the 
long bones with stimulating doses The spleen was irradiated without 
success 

ETIOLOGY 

The cause of “agranulocytosis (Schultz)” is still unknown The 
theories concerning its etiology as supported by the different authors 
may be classified into three groups 

1 Fnedemann 2 asserted that it is the result of an endocrine 
disturbance 

2 Mouzon 3 4 5 6 * 8 and Roch and Mozer i were inclined to place it in 
relation to the acute leukemias 

3 The majority of the workers m this subject asseit that it is an 
infectious disease and lepresents a septicemia with an atypical 
reaction of the hematopoietic system (Feer, D Weiss °) due either 
to bacteria with a special affinity and toxicity to the granulocytic 

3 Mouzon Agranulocytose, Presse med 34 1269, 1926 

4 Roch and Mozer Angina agranulocytotica, Presse med 34 1171, 1926 

5 Feer Beitrag zur Frage der Agranulocytose, Schweiz med Wchnschr 
56 551, 1926 

6 Weiss Ueber die gegenseitigen Beziehungen zwischen Schultzschem Symp- 

tomkomplex (Mucositis necroticans agranulocytica), akuter Leukamie und sep- 

tischem Infekt, Wien Arch f mn Med 14 303, 1927 
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system (Zadek, 7 David, 8 Sternberg, 8 Pelnar 9 ) or to an atiophy 
or hypoplasia of this organ because of the presence of a septic 
infection (Zikovsky, 10 Turk 11 ) According to these investigators, 
the bacterial cause is either nonspecific (Ehrmann and Preuss 12 ) 
01 specific (streptococci [Zikovsky], Bacillus pyocyaneus [Lovett 13 ] 
fusospinllosis [Cannon 14 ]) Schultz 1 and Reye and Wohlwill 15 
simply stated that they consider it a disease sui generis and supported 
their standpoint by emphasizing the umfoimity of the pathologic 
symptoms 

D1ITERENTIAL DIAGNOSIS 

Numerous diseases may more or less resemble agranulocytosis m 
one or the other stage They may be classified as follows 

I Diseases showing the agranulocytic symptom complex and 
necrosing processes in the mouth 

(a) Influenza and typhoid fever differ from essential agranulocytosis 
m their course and their bactenologic and pathologic manifestations m 
spite of the existence of a certain resemblance m acute cases m the 
beginning 

(b) Septicemia and its special modifications, such as Werlhof’s 
disease, diffei from agranulocytosis m the presence of a general 
hemorrhagic diathesis, abscesses, a pi unary infectious focus, immature 
forms of granulocytes m the blood, thrombopenia, secondary anemia, 
frequently positive blood culture, hyperleukocytosis m the spleen, fat 
mariow in the long bones, and myeloid proliferations in the bone 
marrow 

(c) Acute leukopenic leukemias and aleukemic leukemias can be 
distinguished from agranulocytosis by the existence of a generalized 
hemoirhagic diathesis, secondary anemia, thrombopenia, lengthened 
bleeding tune, tenderness of the lower pait of the sternum and charac- 

7 Zadek Zur Frage der “Agranulocytose,” Med Klin 21 688, 1925 

8 Quoted by Zadek (footnote 7) 

9 Pelnar Malignant Leukopenia, Cas lek cesk 63 1653, 1924, abstr, 
J A M A 84 74 (Jan 3) 1925 

10 Zikovsky Zur Kenntnis der Agranulocytose, Wien med Wchnschr 
77 589, 1927, Zur Frage der Agranulocytose, Wien klin Wchnschr 40 1376 and 
1420, 1927 

II Turk, quoted by Weiss (footnote 6) 

12 Ehrmann and Preuss Ueber Leukopenie und Schwund der Granulocyten 
bei Sepsis (Agranulocjtose), Klin Wchnschr 4 267, 1925 

13 Loiett, R W Agranulocytic Angina, J A M A 83 1498 (Nov 8) 1924 

14 Cannon Some Unusual Dermatoses , Agranulocytic Angina, South M J 
20 141, 1927 

15 Reye and Wohlwill, quoted by Leuchtenberger Ueber Agranulocytose, 
Klin Wchnschr 5 1492, 1926 
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teristic pathologic alteiations such as leukemic infiltrations in the livei, 
spleen, lymph nodes and kidney 

( d ) Aleukia (Ehrlich) is also characterized by a general hemor- 
rhagic diathesis, thiombopenia, secondary anemia and lengthened 
bleeding time, such as occuis m some of the diseases alieady mentioned 
It resembles agianulocytosis m that atrophy of the total myeloid tissue 
occuis but with inclusion of megakanocytes Moreover, myeloblasts 
are still present m the atrophic bone mairow 

2 Diseases showing an agranulocytic symptom complex but without 
gangrenous ulcers m the mouth 

To this gioup belong various diseases such as the abdominal type 
of Hodgkin’s disease (Jaffe, 10 Feer 0 ), pernicious anemia, carcinosis 
of the bone, miliary tuberculosis, poisonings with arsenic compounds 
(arsphenamine) and benzene and diseases m which roentgen-iay 
irradiation (especially in the tiealment for chronic lymphatic and 
myeloid leukemia) and thonum X aie employed 

3 Diseases showing similai neciosmg piocesses in the month, but 
without an agranulocytic symptom complex 

(a) Diphtheria, especially its fulminant type, m its general and local 
symptoms sometimes closely resembles agianulocytosis, but it is different 
in hematologic, bactenologic and pathologic lespects In seven of the 
cases reviewed, it was specially stated that the pielimmary diagnosis 
was diphtheria 

( b ) Vincent’s angma may also show local alterations similai to those 
tound m agranulocytosis, but here also the differential diagnosis rests 
on the general condition of the patient, the condition of the blood, the 
good prognosis and the pathologic alterations 

( c ) Monocytic angina (Schultz 1 ), like Vincent’s angma, usually 
occurs at an eailier age (from 12 to 27) than agranulocytic angma 
In this disease necrosis is restncted to the tonsils, and a generalized 
enlaigement of the lymph nodes and of the liver and spleen occuis 
The lattei remains persistent for several months after recovery The 
blood shows an increased numbei of white cells, with an absolute 
increase of the monocytes (from 6 to 78 per cent) Jaundice is never 
present, nor are hemorrhages obseived Females are not affected more 
than males, and the prognosis is m general good Few fatalities are 
reported The disease is appaiently contagious and has a pi oti acted 
course 

4 Other diseases which repiesent differential diagnostic possibilities 

In the beginning, agranulocytosis may sometimes resemble acute 

cholecystitis m its abdominal manifestations But besides the state of 

16 Jaffe Agranulocytarer Symptomkomplex bei Hodgkmschem Lympho- 
granulom, Munchen med Wchnschr 73*2012, 1926 
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the throat and the blood, the discrepancy between the unfavorable 
general condition of the patient and the relatively light local symptoms 
m agranulocytosis will point to the correct diagnosis 

COMMENT 

1 Essential agranulocytosis (Schultz) can be differentiated by its 
clinical and pathologic symptoms from diseases showing a secondary 
agranulocytic symptom complex 

2 The demonstration of bacteria in the blood of patients with 
agranulocytosis is not proof of the infectious character of the disease, 
because bacteria are also frequently found in later stages of leukemias 
and their piesence is due to invasion of the body through the areas 
of necrosis 

3 Agranulocytosis is apparently not contagious 

4 Its prognosis is bad, but not absolutely mfaust 

5 The disease may be confused with fulminant diphtheria if an 
examination of the blood is not made 

6 The unknown noxa injures not only the granulocytic system but 
the lymphatic system, as is evident fiom the marked absolute decrease 
of these cells in the blood and in the lymphatic organs The reticulo- 
endothelial system apparently undergoes a compensatory hyperplasia 



INGESTED CREATINE 


ITS UTILIZATION AND RATE OF EXCRETION BY ARTHRITIC AND 

NORMAL SUBJECTS + 

F A CAJORI, PhD 

L M WRIGHT, MA 

AND 

ELEANOR STILZ, AB 

PHILADELPHIA 

When creatine is administered orally to men and animals, a 
portion of it may be excreted in the urine apparently unchanged, the 
remainder being retained by the oiganism If the quantity of creatine 
ingested is small, as was the case m some of Fohn's early experiments 1 
and m a recent experiment of Rose, Ellis and Helming , 2 none will 
appear in the urme With largei doses an appreciable quantity is 
excreted, but some is always retained, normally The efficiency of the 
body m utilizing a given dose of cieatme decreases if the administration 
of creatine is continued from day to day This was clearly shown m 
the experiments of Benedict and Osteiberg on dogs 3 and m those of 
Chanutin 4 and Rose, Ellis and Helming 2 on men, in which creatmuna 
appeared and became more decided as the creatine feeding was persisted 
m Chanutin 4 has pointed out that in respect to their utilization, there 
is a similarity between cieatme and dextrose Both substances may 
be completely utilized when fed in small amounts, but the capacity of 
the body to retain either may be leadily oveicome if, instead of feeding 
a small quantity, a massive dose is employed 

The lesponse of the body to a single massive dose of dextrose has 
been extensively studied, and dextrose feeding has been used as a 
test to detect defective sugar metabolism In a similar manner it may 
be possible to detect an abnoimal cieatme metabolism by observing the 
ability of the body to utilize a laige dose of creatine In conditions 
of frankly deranged creatine and cieatimne metabolism, the capacity 
to retain administered creatine is greatly diminished as was shown by 

* From the Laboratory of Clinical Chemistry, Presbyterian Hospital 

t The work here reported is a part of a series of studies on chronic arthritis 
by Ralph Pemberton, M D , of Philadelphia, in collaboration with Robert B 
Osgood, M D , of Boston The expenses of this investigation were defrayed by 
contributions from various sources, including a number of patients 

1 Folm, O Hammarsten’s Festschr , 111 Upsula, 1906 

2 Rose, W C , Elhs, R IT , and Helming O C J Biol Client 77 171 
(April) 1928 

3 Benedict, S R , and Ostmberg, E J Biol Client 56 229 (Mav) 192 J 

4 Chanutin, A J Biol Chem 67 29 (Jan ) 1926 
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Gibson and Martin, 5 6 •who studied a case of progressive pseudohyper- 
tiophic musculai dystrophy with a creatinuria and a low cieatimne excre- 
tion They found that creatine when given to this patient, even m small 
amounts (0 5 Gm ), was piomptly and completely eliminated, chiefly 
as creatine 

The following experiments weie undei taken to compare the 
utilization of creatine admmisteied as a single laige dose to patients 
with proliferative arthritis, on the one hand, with the utilization of 
the same quantity by noimal healthy subjects, on the other A diffeience 
m the two groups m then ability to utilize creatine when so given 
would be suggestive Pemberton and Buckman 0 found slightly high 
values for creatine in the blood m half of a series of fifty cases of 
arthritis studied by them in the aimy The fiequency of the occurrence 
of myositis with chronic arthritis made it also seem not unlikely that 
the arthritic patient might exhibit a pecuhai lesponse to ingested 
creatine Levene and Kristeller 7 found a low rate of creatine 
catabolism m pathologic conditions involving the muscular system 

In the present experiments, the late of excretion of the unutilized 
creatine has also been studied Examination of the literature shows 
that studies have not been reported heretofoie in which the uime has 
been analyzed at frequent intervals aftei cieatme feeding to determine 
how rapidly the body excretes that part of the cieatme which is not 
i etamed 

EXPERIMENTAL PROCEDURE 

Seven women patients with active proliferative arthritis and seven persons in 
apparent good health, four women and three men, served as subjects for these 
feeding trials Five of the women m the arthritic group were middle aged and 
two were young With the exception of one elderly woman, the normal subjects 
were all joung — interns, laboratory and hospital workers 

Each experiment consisted of a three day period, during which the following 
procedure was carried out A preliminary twenty-four hour collection of urine was 
made during the first da\ On the morning of the second day, 10 Gm of 
creatine, dissolved in a glass of hot, sweetened lemonade, was given orally The 
taste of the creatine was almost undetectable in the presence of the lemon mice, 
and nausea or gastric symptoms were not encountered 

The creatine emplojed was a high grade commercial product, 8 which was 
found on analysis to be free from creatinine and to have a melting point, nitrogen 
content and water of crystallization close to that calculated for creatine 

5 Gibson, R B , and Martin, FT J Biol Chem 49 319 (Dec ) 1921 

6 Pemberton, R , and Buckman, T E Studies on Arthritis in Army Based 
on 400 Cases Studies m Relation of Creatine Metabolism to Arthritis, Arch Int 
Med 25 335 (April) 1920 

7 Le\ ene, P A , and Kristeller, L Am J Physiol 24 45, 1909 

8 We are indebted to Mr C Broxton Valentine, chemist of Valentine’s Meat 
Juice Company of Richmond, Va , for this product 
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During the twenty-four hours following the ingestion of creatine, collections 
of urine were divided into two three hour periods, one six hour period and one 
twelve hour period A twenty-four hour collection of urine w j as made on the 
third day of the experiment 

During these three days, meats, gravies and soups prepared from meat stock 
were excluded from the diet Other dietary restrictions were not imposed 

The following methods were used in the analysis of the specimens of urine, 
all of which were preserved ivith toluene Folin’s colorimetric method was used 
for the determination of creatinine, 0 employing as standard a solution of creatinine 
in tenth normal hydrochloric acid Urinary creatine was converted into creatinine 
by heating m the autoclave with normal hydrochloric acid as directed by Benedict 
and Myeis 9 10 The total nitrogen was determined by Folin’s method 0 


Table 1 — The Utilization of 10 Gin of Cicatinc by Nonnal and AithnHc 

Subjects 






Creatine * 

Extra * 







Excreted 

Creatine 







24 Hours 

Excreted 







Before 

After 

Creatine * 

Creatine 




Creatinine 

reeding 

Feeding 

Retained 

Retained 

No 

Condition 

Sex 

Coefficient 

Gm 

Gm 

Gm 

Per Cent 

7 

Arthritis 

P 

10 7 

0 

4 SI 

2 77 

37 

5 

Arthritis 

T 

10 9 

0 

2 91 

4 67 

62 

10 

Arthritis 

P 

12 5 

0 09 

3G1 

3 97 

52 

4 

Arthritis 

F 

14 6 

019 

5 90 

168 

22 

9 

Arthritis 

F 

14 7 

019 

4 95 

2 43 

32 

3 

Arthritis 

F 

151 

0 02 

5 42 

210 

29 

G 

Arthritis 

F 

15 7 

0 05 

4 33 

3 25 

43 

8 

Normal 

F 

13 9 

0 01 

3 52 

4 06 

5-i 

11 

Normal 

F 

17 0 

0 04 

3 65 

3 93 

52 

12 

Normal 

F 

20 4 

0 

4 61 

2 97 

39 

2 

Normal 

M 

23 8 

0 

2 45 

5 13 

68 

1 

Normal 

M 

241 

0 03 

3 35 

4 23 

56 

13 

Normal 

F 

252 

0 

4 47 

311 

41 

14 

Normal 

M 

2G5 

0 

3 43 

4 15 

55 


* Creatine values expressed as creatinine in grains, 10 Gm creatine 7 58 Gm creatinine 


THE UTILIZATION OF INGESTED CREATINE 

The data showing the utilization of creatine by the arthritic and 
normal subjects, as revealed by urinalysis, aie given m table 1 The 
results are arranged for both groups m order of mci easing creatinine 
coefficients It will be seen that wide individual variations m ability 
to retain ingested creatine were encounteied, the percentage of 
the utilization of creatine ranging m the arthritic patients from 22 to 
62 and in the normal subjects from 39 to 68 The arthritic patients 
were, as a whole, slightly less efficient in their ability to retain creatine 
The subjects m this group, however, had lower creatinine coefficients 
than the normal persons, and for this reason might not be expected 

9 Fohn, 0 Laboratory Manual of Biological Chemistry, ed 3, New York, 
D Appleton & Company, 1922 

10 Benedict, F G , and Myers, VC Am J Physiol 18 397, 1907 
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to have so great a capacity for retaining creatine as the normal subjects 
with a high creatinine coefficient and hence, perhaps, a larger storage 
resen oir for creatine When the ratio of creatine retained to 
creatinine coefficient is considered, there do not appear to be differences 
between the tw r o groups in their respective abilities to retain ingested 
creatine It should be pointed out, however, that a clear relationship 
was not observed between the creatinine coefficient and the utilization 
of creatine The largest retentions of creatine were not always asso- 
ciated with high coefficients, nor did those subjects with the lowest 
creatinine coefficients retain the smallest amount of the creatine 

As will be mentioned later, small amounts of unutilized creatine 
v'ere being excreted by the arthritic patients, in contrast to the normal 

Table 2 — Excretion of Ci ealmme, Nth ogen and Water Following the 
Ingestion of 10 Gin of Creatine 


Creatinine (Gm ) 

* N Total Xitrogen (Gm ) Volumes (Ce ) 






Increase 

i 

A 


i 

A 

'V 


1st 

2nd 

3rd 

on 2nd 

1st 

2nd 

3rd 

1st 

2nd 
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Day 

Day 

Day 

Day 

Day 

Day 

Day 

Day 

Day 

Day 

5 

060 

0 69 

0 61 

0 09 

4 10 

4 73 

4 25 

1930 

1605 

2410 

3 

063 

0 75 

054 

0 10 

5 26 

5 9S 

593 

1790 

1455 

1220 

10 

066 

0 76 

0G6 

010 

6 59 

692 

6 05 

1665 

1425 

1190 

4 

0 73 

0 67 

0 76 

—0 06 

7 41 

6 92 

6 78 

1575 

1435 

1315 

G 

0 76 

10G 

087 

0 30 

6 72 

8 09 

6 0S 

1615 

1945 

2050 

9 

0 79 

OSS 

0 77 

009 

4 S3 

6 71 

4 S3 

2720 

2193 

2595 

7 

0S0 

095 

083 

015 

7 SO 

8 20 

590 

3295 

3565 

1350 

8 

092 

1 02 

0 95 

010 

6 54 

6 99 

6 44 

1030 

1080 

1100 

11 

103 

123 

1 01 

0 23 

7 54 

11 25 

8 97 

1425 

203S 

1572 

12 

103 

131 

123 

0 23 

6 39 

710 

521 

1365 

1745 

1605 

13 

1 59 

14S 

1 37 

—Oil 

10 28 

11 13 

8 47 

1020 

1383 

1524 

2 

172 

2 01 

170 

029 

10 77 

10 SO 

1010 

1105 

1095 

790 

14 

213 

217 


0 04 

11 04 

14 n 


640 

1525 



subjects, during the second tv r enty-four hours following creatine feed- 
ing If this had continued longer, the calculated values for utilization 
of creatine m table 1 would be a little high 

The data for the excretion of water, creatinine and nitrogen during 
this experimental regimen are recorded m table 2 

During the day of creatine feeding there w^as a distinct increase 
in the excretion of creatinine m all but two of the experiments This 
increase w r as present only on the day when creatine was taken, and 
on the following day urinary creatinine had usually returned to the 
excretion level of the fore period 

The figures on the excretion of nitrogen are of limited value only, 
m view of the fact that the intake of nitrogen w ? as not necessarily a 
fixed quantity during the three days of the experiment After deducting 
the nitrogen contained m the urinary creatine, less nitrogen was excreted 
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in most of the experiments on the day that creatine was administered 
than on the other two days 

The twenty-four hour volumes did not usually show any great 
variation during the course of the experiment 

THE RATE Or EXCRETION Or UNUTILIZED CREATINE 

The creatine content of the urine during the periods following 
creatine feeding is given m table 3 It was found that the fraction of 
ingested creatine which the body did not utilize was promptly excreted 
and that in most cases by the end of six hours most of the unretamed 
creatine had appeared m the urine 

With one exception, the peak of excretion of creatine by the normal 
subjects occurred during the first three hours after the creatine was 
ingested From this peak, excretion of creatine diminished rapidly 

Table 3 — The Rate of Evcieiion of Cicatme Following the Advnmsh ation of 

10 Gin of Creatine * 


Normal Subjects Arthritic Patients 


Number 

2 

8 

11 

12 

13 

11 

3 

4 

5 

0 

7 

9 

10 

21 hr fore period 

0 

0 01 

0 01 

0 

0 

0 

0 02 

019 

0 

0 05 

0 

019 

0 07 

0- 3 brs 

173 

102 

001 

221 

2 70 

2 78 

1 01 

120 

1 09 

157 

101 

2 04 

096 

3- G hrs 

OGS 

111 

142 

172 

104 

0G5 

229 

1 02 

124 

1 74 

233 

122 

117 

6-J2 hrs 

0 01 

050 

0 51 

0G8 

0 49 

0 

085 

1 78 

033 

OGO 

0 81 

0 70 


12-21 hrs 

0 

0 

0 37 

0 

018 

0 

003 

000 

0 11 

031 

0 35 

0 53 


21-48 hrs 

0 

0 

050 

0 

0 

0 

0G3 

0 72 

014 

021 

019 

0 48 

0 52 


* Creatine values expressed as creatinine in grams Ten Gm creatine rQ: 7 58 Gm creatinine 

and usually was completed by the end of twelve hours In the arthritic 
group a definite lag m the excretion of creatine has been found In 
this group, the peak of excretion was usually not reached until the 
second period, that is, during the third to sixth hour after the admin- 
istration of creatine The creatmuria lasted longer in these subjects 
than m the controls, and m all seven of the experiments on arthritis, 
extra creatine was being excreted during the second twenty-four hours 
A similar delay m disposal of the ingested creatine was encountered 
only once among the supposedly healthy subjects 

In the accompanying chart the rate of the excretion of creatine, 
per three hours, for four subjects, two normal persons and two 
arthritic patients, has been plotted 

The delay m excretion of creatine and the persistence of the induced 
creatmuria found among the arthritic patients can hardly be attributed 
to a failure on the part of these subjects to store creatine, when the 
total utilization data are considered Evidence has not been found in 
these experiments to indicate that the patients m this group are less 
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capable than the subjects m the normal gioup m their ability to retain 
creatine when it is fed to them in a laige dose 

Consideration must be given to the possibility of an impaired renal 
function in those peisons who showed a delay m the excretion of 
creatine Pemberton and Foster 11 found normal values for urea and 
nonprotein nitiogen in the fasting blood m patients with arthritis They 
detected m their subjects a slight delay m the excretion of water, 
nitrogen and salt, following the Mosenthal test meal, but were unable 
to conclude that any marked dislocation of lenal function is present 
in chronic aithritis If the delayed excretion of creatine is to be 
ascribed to lenal insufficiency, which seems doubtful, theie is then 
available m cieatme feeding a delicate test for the function of the 
kidney 

The observation that m all the arthritic subjects and m one of 
the noimal subjects a delay in the excretion of cieatme follows massive 
admimsti ation of cieatme can only be stated as fact at this time without 
attempting to give an explanation of it It is, howevei, of considerable 
interest to recall that the aithritic patient frequently exhibits a delay 
m disposal of sugar following ingestion of dextrose, despite the fact 
that theie is no evidence of failure of combustion of dextrose by him 
This delayed “sugai lemoval” has been definitely referred in the 
arthritic patient to a defective blood supply to those parts actively con- 
cerned m the removal of sugar from the blood 12 The somewhat 
similar delay m disposal of creatine, when fed in large amounts, may 
result fiom some factor similar to that causing the delay in the disposal 
of sugar 

SUMMARY 

The utilization of creatine, when administered orally m a single 
10 Gm dose, has been studied 

The rate of excretion of creatine and the persistence of the 
creatmuria induced by the ingestion of this amount of creatine have 
also been determined 

Individual variations of considerable magnitude were found in the 
amounts of the ingested creatine utilized When the differences m 
creatinine coefficients are considered, the patients in the arthritic group 
proved to be as efficient as the subjects in the normal group in their 
ability to retain creatine 

11 Pemberton, R, and Foster, G L Studies on Nitrogen, Urea, Carbon 
Dioxide Combining Power, Calcium, Total Fat and Cholesterol of Fasting Blood, 
Renal Function, Blood Sugar and Sugar Tolerance, Arch Int Med 25 243 
(March) 1920 

12 Pemberton, R , Cajori, F A , and Crouter, C Y Influence of Focal Infec- 
tion and Pathology of Arthritis, J A M A 85 1793 (Dec 5) 1925 
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The rate of excretion of the excess creatine was slowei, however, in 
the arthritic patients than m the normal subjects The peak of excretion 
was not reached as soon after the creatine was administered, and the 
creatmuria persisted longer in the arthritic patients than was the case 
in all but one of the normal control subjects 

The fact that a delay has been encountered in arthritis in the disposal 
of ingested dextrose suggests that the factors responsible for the slow 
rate of excretion of creatine may be similar to those which cause the 
delay m the removal of ingested dextrose In the case of dextrose, 
the delay in the removal of sugar has been ref ei red to a disturbance 
of peripheral blood flow m patients with arthritis 



THE EFFECTS OF SERUMS FROM NORMAL AND 
FROM ANEMIC PERSONS ON THE 
GROWTH OF SEEDLINGS * 

LOVE BARNETT UPJOHN, MS 
RAPHAEL ISAACS, MD 

AND 

FELIX G GUSTAFSON, PhD 

ANN ARBOR, MICH 

The impetus given to the study of pernicious anemia by the discoveiy 
of Minot and Murphy 1 that a 1 emission could be induced and maintained 
by a diet rich in livei 01 an effective liver extract has reopened several 
problems m connection with the disease The presence of toxic sub- 
stances m the blood stream as an etiologic factor has been considered by 
Macht 2 although, as Minot pointed out, 1 these substances could be a 
result of the alteied metabolism produced by the disease rather than a 
causative factoi In a series of studies on the effect of serums taken 
from patients with pernicious anemia and other serums on the growth 
of lupine seedlings, Macht 3 found that the aveiage coefficient of growth 
m Shive’s solution which contained noimal blood serum was 75 per cent 
of the growth of the seedlings as compared with similar giowth m 
Shive’s solution alone On the other hand, the indexes of growth 
obtained with specimens of blood from patients with pernicious anemia 
varied from 28 to 51 per cent, giving an average coefficient of 44 pei 
cent This piocedure was suggested as a method of differential diag- 
nosis , when a coefficient of growth was obtained of 50 per cent or less, 
as compared with a normal index of from 50 to 75 per cent, the results 
were m favor of pernicious anemia The hydrogen ion concentration 
of the serums did not play a role in explaining a selective toxicity of the 
toxin for plants The serums of patients with secondaiy anemia were 
practically nontoxic It was possible to detoxify the serum of patients 
with pernicious anemia by exposure of the serum in a quartz tube to 

y From the Simpson Memorial Institute for Medical Research, Ann Arbor, 
and the Department of Plant Physiology of the University of Michigan 

1 Minot, G R , and Murphy, W P A Diet Rich m Liver in the Treatment 
of Pernicious Anemia, J A M A 89 759 (Sept 3) 1927 

2 Macht, D I Etiology, Diagnosis and Treatment of Pernicious Anemia, 
J A M A 89 753 (Sept 3) 1927 

3 Macht, D I, and Lubin, D S A Phyto-Pharmacological Study of 
Menstrual Toxin, J Pharmacol & Exper Therap 22 413 (Jan ) 1924 Looney, 
J M , and Macht, D I The Relation Between the Undetermined Nitrogen of 
the Blood and Its Toxicity to Lupmus dibits Seedlings, J Biol Chem 63 60 (Feb) 
1925 
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ultraviolet light This phenomenon was enhanced by the addition of 
sensitizers as tetrabromfluorescem or similar substances After a trans- 
fusion of blood from a patient with pernicious anemia, the phytotoxic 
index approached the normal A similar effect was noted after the 
patient had been treated with a diet rich in liver, although the effect was 
much less marked, and the detoxification was not complete A decrease 
in the toxicity of the blood was noted after patients with pernicious 
anemia weie irradiated with ultiaviolet light, with the possibility of a 
slightly more definite action after the treatment of the patients with 
eosm as a sensitizer Tieatment wtih organic mercurials also caused 
a detoxification of the blood serums Macht’s woilc points to the pres- 
ence of a definite substance in the blood serums of patients with per- 
nicious anemia, which he believes to be related etiologically to the disease 
and which is phytotoxic 

To deteimine the value of this test in the differential diagnosis, as 
well as to note any changes which feeding of liver would bring about, 
the blood of twenty-five normal peisons as well as thirty specimens of 
blood of fifteen patients with pernicious anemia m various stages of the 
disease was studied, together with some specimens from seven patients 
with other types of anemia (Sixty-two seiums were tested, using 1,260 
seedlings ) 

METHOD or STUDY 

The blood serums were examined, and the technic outlined by Macht 3 was 
used Briefly, the procedure was as follows Lupmus cilbus seeds of approximately 
the same size were soaked in a jar of clean tap water overnight On the follow- 
ing morning these seeds were taken from the jar of tap water and placed with 
the hilum down m a pot of moistened, clean moss of the genus Sphagnum After 
covering these seeds with this moss, they were placed in the dark at a temperature 
of 68 F, and were left from two and a half to three days, according to the growth 
exhibited On reaching the proper length the seedlings were set up in the follow- 
ing manner Hard glass test tubes (1 5 by 20 and a content of 30 cc ) were used, 
these were placed in holes in a wooden block holding fifteen test tubes in an upright 
position Shive’s solution R5C2 (10 4 cc of 0 5 molar solution of calcium nitrate, 
30 cc of 0 5 molar solution of magnesium sulphate, 36 cc of 0 5 molar solution of 
monopotassium acid phosphate, 1 liter of distilled water) was made of Baker’s 
chemically pure analyzed chemicals 4 

Blood was obtained from patients and from members of the staff of the 
Simpson Memorial Institute one hour before it was used The blood was collected 
in sterile test tubes from patients before they had eaten breakfast, neither anti- 
septics nor anticoagulents were added After the serum had separated from the 
clot, the material was centrifugahzed and transferred with sterile pipets to sterile 
test tubes A 1 per cent solution from each serum was made m Shive’s solution 
For each observation, a set of fifteen seedlings was used for each solution The 
1 per cent solution was mixed and shaken well in flasks and then poured into the 
test tubes to within from 1 to 1 5 cm from the top (27 cc of solution) For each 


4 Shive, W J A Study of Physiological Balance in Nutrient Media, 
Physiological Research 1 32 7 (Nov ) 1915 
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experiment, serum from a normal person was used as a control, as well as seed- 
lings in Shives solution alone When these solutions were prepared, seedlings of 
Lupinus albus of approximately the same length were selected These seedlings 
were carefully measured, from the darkened region of demarcation of the root 
and stem to the tip of the root, on a centimeter ruler fastened to a piece of soft 
wood This measurement was recorded, and the seedlings were placed in the 
proper test tube The seedling was held in position by hanging it over the edge 
of the test tube by the cotyledons and supporting it by pledgets of cotton The 
pn values were determined for the solutions colorimetrically Shives solution 
averaged pn 4, and the 1 per cent serum solution averaged pn 4 4, there was some 
little variation 

The tubes containing the seedlings were then placed in the dark at a tempera- 
ture of 68 F At the end of twenty-four hours, measurement of the roots was 
again made and recorded Similar measurements were recorded at the end of 
another twenty-four hours (forty-eight hours) At the end of forty-eight hours 
the pn values were determined There was little variation for the pn values for 
the different solutions (Shive’s pn 4, 1 per cent solution pn from 43 to 44) 

Since the increase m growth was important, this observation was made for each 
seedling at twenty-four and forty-eight hour periods These figures for a given 
set of observations were added together and the average found (in centi- 
meters) for the seedlings in a given solution For each solution the increase 
in centimeters of the length of the root for twenty-four and forty-eight hours 
was compared to the increase m growth in Shive’s solution and that in the serum 
of normal persons The percentage growth in each solution was also calculated 
The growth in centimeters in Shive’s solution was taken as 100 per cent and that 
in the serum solutions calculated as a percentage of this This procedure was 
done separately for each set of observations 

RESULTS 

The accompanying tables give the seiums employed, the growths of 
the seedlings m centimeteis and the percentage growth for twenty-four 
and forty-eight hour penods in different solutions used 

COMMENT 

From the foregoing observations an aveiage of growth for twenty- 
four hours was established for seedlings in a normal blood serum To 
establish this average, fifteen seedlings were grown m each of the 
twenty-five normal serums, making a total of 375 seedlings The 
average coefficient of growth for the seedlings m normal serums was 
76 5 per cent as compared to that m Shive’s solution Several of these 
twenty-five normal serums were taken from men before they had eaten 
breakfast m order to deteimme whether or not the coefficient of growth 
would be altered by processes of digestion Comparisons failed to 
show a significant difference 

It is to be noted, however, in establishing this average for growth 
m normal serum, that there was a wide range of variations m individual 
sets of serums (from 50 to 97 per cent) 
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In the thirty specimens of serum taken from fifteen patients with 
pernicious anemia, the indexes of growth obtained varied from 59 to 
94 3 per cent, with an aveiage of 76 6 pei cent This average was 
obtained from patients with pernicious anemia per se without regard 
to treatment with liver oi to clinical conditions If, from this group, 
those patients (five m all) who had not had treatment with liver at the 
time the serum was obtained weie separated, the indexes of growth 
varied from 601 to 86 9 per cent with an aveiage of 75 4 per cent 


Table 1 — Set tints, Giowth of Seedlings and Pei ccntagc Giozvth in Twenty-Four 

and Foi ty-Eight Hour Pci wds 





Red 


Bilirubin 







Blood Cells 


Mg per 



24 Hours 




Millions per 


Hundred 



Growth of Roots 



Daj of 

Cubic 

Per Cent 

; Cubic 

Liver 


in Percentage 

Case 

Observa 

- Milli- 

Hemo- 

Centi- 

or Liver 

Clinical 

of Growth m 

No 

Sex 

tion 

meter 

globin 

meters 

Extract 

Condition 

Shive’s Solution 

1 

M 

1 

35 

53 

08 

+ 

Mod sick 

67 4 



5 

47 

S3 


+ 

Good 

93 8 



11 

5 21 

65 

1 1 

+ 

Good 

73 3 

2 

M 

1 

1 8 

35 

23 

0 

Very sick 

81 0 



17 

3 3 

53 

09 

+ 

Good 

85 6 



31 

423 

64 

09 

+ 

Good 

93 4 

3 

F 

1 

23 

50 

07 

+ 

Very sick 

712 



8 

31 

49 

04 

+ 

Improved 

653 



15 

40 

63 

03 

+ 

Good 

84 5 

4 

M 

1 

104 

26 

12 

0 

Very sick 

601 



23 

21 

44 

1 1 

+ 

Good 

75 3 



31 

29 

56 

05 

+ 

Good 

59 7 

5 

M 

1 

07S 

IS 

16 

(+) 

Sick 

77 3 



3G 

32 

50 

05 

+ 

Improved 

667 

6 

M 

1 

26 

55 

10 

0 

Sick 

86 9 



6 

24 

53 

05 

(+) 

Improved 

75 0 



28 

4 19 

72 

03 

+ 

Good 

82 7 

7 

M 

1 

0 99 

23 

13 

(+) 

Sick 

80 7 



14 

1 5 

27 

08 

+ 

Good 

695 

8 

P 

1 

2 07 

40 

2 4 

0 

Sick 

79 5 



22 

4 2 

60 

05 

+ 

Good 

83 6 

9 

M 

1 

40 

80 

0 4 

+ 

Good 

801 



9 

40 

so 

05 

+ 

Good 

77 0 



28 

4 34 

84 

03 

+ 

Good 

SOI 

10 

M 

1 

114 

22 

23 

(+) 

Sick 

80 2 

11 

P 

1 

4 7 

so 

04 

+ 

Good 

643 

12 

M 

1 

12 

29 

38 

0 

Sick 

69 4 

13 

M 

1 

23 

50 

02 

+ 

Sick 

854 

14 

F 

1 

3 37 

55 

03 

+ 

Good 

74 3 

15 

M 

1 

2 85 

70 

07 

+ 

Sick 

76 2 


Average 







76 6 


+ indicates effective liver extract or liver therapy, 0, indicates no liver or extract given, 
(+) indicates experimental liver extract which did not contain the effective principle for 
stimulation of the blood 


The remaining patients who had been treated with liver or liver extract 
showed a tai lation of from 59 7 to 93 8 per cent with an average of 
76 8 per cent of growth of the root Care was taken to secure serum 
from patients of the male sex and from females who were not 
menstruating 

The coefficient of growth for forty-eight hours was determined, and 
essentially the same percentages were obtained as those for twenty-four 
hour periods Marked toxicity for serum from patients with pernicious 
anemia was not noted 
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As m a given set of seedlings giown from identical seeds under 
ldentical conditions, a decided variation in the growth of the root was 
noted, it was considered advisable to select seedlings which were of 
approximately the same length for comparative observations When 
direct comparisons are made between seedlings of exactly the same 
ongmal length aftei a twenty-four hour penod, a consistent variation 
does not seem to exist between those grown m normal serum and those 
grown m serum fiom patients with pernicious anemia In fact, the 
variation m exti ernes of growth m blood serum of any type studied 
does not show any more variation than individual seedlings grown m 
Shive’s solution 

When results obtained so far aie consideied, one finds that noimal 
blood serum is toxic to seedlings as compared to Shive’s solution, but 
theie does not seem to be any evidence that serums of patients with 
pernicious anemia are any moie toxic than is normal blood serum 
itself Moreover, there is not any appreciable difference between the 
coefficients of growth m serums from patients who were not treated 
and those fiom patients tieated with liver or liver extract 

A further analysis of the records and a companson of the degree 
of illness with growth of the loots m centimeter at first glance seems 
to show a coi relation When the peicentage mciease m growth m 
Shive’s solutions is calculated, howevei , only in case 2 is there 
con elation 

There does not seem to be any 1 elation between the coefficient of 
growth and clinical condition as measured by the red blood cell count, the 
hemoglobin peicentage and the amount of bilirubin in the blood We 
felt that the toxicity of normal blood might be caused by a difference in 
the hydrogen ion concentration , pn of a 1 per cent blood solution diff ei s 
from the p n of Shive’s by 0 4— {— When the hydrogen ion value of 
Shive’s solution was changed to coriespond to that of the 1 per cent 
serum solution, by the addition of sodium hydroxide, the growth was 
equal to and in a few cases greater than that m the noimal Shive’s 
solution It is evident that the slightly higher hydiogen ion value of 
the serum solutions would tend to enhance the growth, if any difference 
in growth was evident 

The fact that a 1 per cent serum solution supports more bacterial 
growth than Shive’s solution probably does not explain the difference 
m growth m the latter solution and in a 1 per cent serum solution, for 
the bacterial growths at the end of twenty-four hours were slight as 
indicated by cultures and plates 

The seedlings tested with the serums from patients with secondary 
anemia (leukemia, infection with Dtbothryocephalus latus , carcinoma, 
duodenal ulcer) did not show any marked difference m the rate of 
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growth from those tested with serum from normal peisons or from 
patients with pernicious anemia (table 2) Their coefficients of growth 
varied from 60 6 to 88 per cent with an average of 74 7 per cent 

With such slight differences as those found m serums from nonnal 
persons and from persons with pernicious anemia, it is impossible for a 
diagnosis to be based on the percentage increase in growth of seedlings 
of Luptnus albus 

When one surveys this experiment from the standpoint of the prac- 
tical application of phytopharmacology as a new branch of science, 


Table 2 — Semins, Growth of Seedling and Percentage Giowth for Twenty-Frur 

and Forty-Eight How Penods 



Normal 

Normal 

Anemia, 



Pernicious Anemia 



with 

without 

Not 



A 







Test 

Break- 

Break- 

Pernicious 

Good 

Moderately 


Number 

fast 

fast 

Anemia 

Condition 

Sick 

Very Sick 

1 

69 1 






Case 3, 71 2 

2 



SO 3 

Case 9, 

SOI 



3 

87 3 





Case 3, 65 3 

Case 1, 67 4 

4 

97 4 



Case 1, 

938 


Case 2, 810 





Case 3, 

84 5 



5 




Case 9, 

77 0 



0 

50 0 


606 








880 





7 

82 3 








S2 7 

7g 9 





Case 6, 86 9 

Case 13, 85 4 

8 

8G9 

85 6 


Case 2, 

856 


9 

814 



Case 9, 

801 

Case 6, 75 0 


10 


73 5 




Case 5, 77 3 

11 


63 4 





Case 4, 601 

12 

76 2 








713 

881 


Case 2, 

93 4 



13 

68 4 

74 9 

75 2 





14 

837 



Case 1, 

73 3 







Case 14, 

74 3 



15 

80 3 






Case 8, 79 5 

Case 15, 76 2 

16 

88 7 



Case 6, 

82 7 


Case 7, 80 7 

17 

61 8 


72 6 

Case 4, 

75 3 



18 

72 4 


78 3 




Case 10, SO 2 

19 

63 3 



Case 4, 

59 7 

Case 5, 66 7 

20 

74 4 



Case 7, 

69 5 







Case 11, 

64 3 



21 

72 9 



Case 8, 

83 6 



22 



6S0 




Case 12 , 69 4 

Average 

75 2 

77 

74 7 


78 5 

69 

76 3 


several notable points present themselves Plant giowth like animal 
growth is governed not only by environmental but also by hereditary 
influences Thus, one sees that m the foregoing experiments in which 
environmental factors such as food, temperature, water and humidity 
are constant, there are marked variations m the growth of the roots of 
seedlings which must be explained by hereditary factors It is impos- 
sible to estimate these inherited factors of growth from external 
examination Even if we select seedlings having cotyledons of the 
same size and with an equal supply of reserve food, it is conceivable that 
certain cotyledons contain quantitative chemical differences which may 
have an important bearing on early growth of the root 
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We now control this factor of heiedity by using a large number of 
seedlings and attaching significance to the average As the science of 
plrytophaimacology progresses, it may be found advisable to secure 
seeds from a given plant and an inbred strain for comparative observa- 
tions Such controls over inherited factors are decidedly favorable m 
securing accurate lesults It is this conti ol that man has over inherited 
factors m plants, which he does not possess m animals, and the small 
cost of experiments cai 1 led on with plants that makes plants so important 
to future workers 

SUMMARY AND CONCLUSIONS 

1 Seedlings of Liipmus cilbtis giown in Shive’s nutrient saline 
solution and containing serum fiom normal persons showed an average 
rate of growth of 76 per cent of the rate of growth m Shive’s solution 
alone The rate of growth was slightly, but not significantly, higher m 
the serum of persons m the postdigestive state, as compared with those 
who had taken food a short time before 

2 The growth of seedlings m solutions containing serum from 
patients with pernicious anemia did not vary significantly from that m 
seium taken from normal peisons 

3 An appreciable difference was not noted between the coefficient 
of growth for lupine seedlings m serum from patients who were not 
treated, that m the serum from patients with pernicious anemia 
who were treated with liver was noted 

4 A relation was not found between the coefficient of giowth and 
the clinical condition of the patients with anemia as measured by degiee 
of illness, red blood cell count, hemoglobin or bilirubin m the blood 

5 With the seedlings used, it was not possible to diagnose per- 
nicious anemia by the effect of blood serum on the growth of the root 

6 Whatever differences of growth may have been influenced by 
the seiums (environmental factors) may have been overshadowed by 
the inherent variations of giowth of the seedlings of different parentage 
with dissimilar tendencies of rate of growth (hereditary factor) This 
may account for the differences m the results of the observations from 
those reported by others 

7 The observation of Macht that serum from patients with sec- 
ondary anemia does not depress the giowth of seedlings is confirmed 



BILE ACIDS IN JAUNDICE* 


ICHIRO ICATAYAMA, MD 

NEW YORK 

The piesent day evidence, although incomplete, is m favor of 
the view that the bile acids are foimed in the hepatic parenchyma, but 
what is the evidence on which this assumption is based ? For many 
years, it was assumed that bile pigments were formed in the liver and 
could not be foimed elsewhere It is becoming increasingly evident that 
bile pigments are formed largefy outside the liver and eliminated through 
the liver That bile pigments are formed rapidly and abundantly in the 
circulation outside the liver is confiimed and extended by observations 
made by Mann and his collaborators , 1 who employed complete extirpa- 
tion of the liver and infusion of sugar m experiments lasting fiom 
twelve to eighteen hours Is it possible that bile acids, m like fashion, 
may be formed outside the livei and merely eliminated by it? A dis- 
cussion of these points has been made in a recent review 2 and m publica- 
tions by Whipple and his collaboratois , 3 although their explanation that 
the bile acids are produced in the liver is fai from being convincing 
Further discussion will be deferred to a later section In the clinical 
study of hepatic disease, much interest has centered around the possi- 
bilities of dissociated jaundice and variations in bile acid metabolism 
independent of changes in the bile pigments Much of this 4 work has 
been based on variations in the surface tension of the urine, as shown 
by Hay’s test 5 which is not specific for bile acids and does not permit 

* From the Department of the Laboratories, New York Post-Graduate Medical 
School and Hospital 

1 Mann, F C , Magath, T B , and Bollman, J L Studies on Physiology of 
Liver, Formation of Bile Pigment after Total Removal of Liver, Am J Physiol 
69 393 (July) 1924 

2 Whipple, G H Origin and Significance of Constituents of Bile, Physiol 
Rev 2 440 (July) 1922 

3 Foster, M A , Hooper, C W , and Whipple, G H The Metabolism of 
Bile Acids IV Endogenous and Exogenous Factors, J Biol Chem 38 393 (June) 
1919 Smyth, F S , and Whipple, G H Bile Salt Metabolism, Influence of 
Chloroform and Phosphour on Bile Fistula Dogs, J Biol Chem 59 623 (April) 
1924 

4 Borchardt, H Bile Acids in Urine, Blood, Duodenal, and Cerebrospinal 
Fluid in Icterus, Klin Wchnschr 2 541 (March 19) 1923 Hoover, C F, and 
Blankenhorn, M A Dissociated Jaundice, Arch Int Med 18 289 (Sept ) 1916 
Beth, H Pathology of Secretion of Bile, Wien Arch f inn Med 2 563 (June) 
1921 Rosenthal, F , and Falkenhausen, M F Secretion of Biliary Acids m Man, 
Klin Wchnschr 2 1487 (Aug 6) 1923 

5 Hay, Mathew, 1886 This test was outlined by Muller, H , Jr Hay Test 
for Bile Acids m Urine, Schweiz med Wchnschr 51 821 (Sept 8) 1921 
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of a quantitative study G The application of van Slyke’s gasometric 
method to the detei initiation of bile acids m small amounts of bile from 
dogs by Foster and Hooper 7 and by Schmidt and Dart 8 has made pos- 
sible the accumulation of valuable data concerning the excretion of bile 
acids m the bile Schmidt and Merrill 9 have further devised a method of 
analyzing the bile acid in urine, but these methods are not applicable 
to the smaller amount of bile acids m the urine and blood 

Szilard 10 recently described a comparatively simple colorimetric 
method for the estimation of the bile acids of blood plasma or serum 
With this technic, bile acids ma) r be determined m fiom 4 to 5 cc of 
seium It has been my expenence that, within the limits of experimen- 
tal error, this method yields a quantitative recovery of taurocholic oi 
glycocholic acids when their concentration lies between 10 and 100 mg 
per hundred cubic centimeters The best results are obtained by employ- 
ing a sufficient volume of plasma or serum so that there will be about 
0 5 or 2 mg of bile acids for the analysis 11 

Brule 12 suggested that bile acids aie essential for the absoiption of 
fats from the intestine, and it was on this basis that his “hemocoma” 
test was devised Noimally, there is an increase m ultramicroscopic 
blood fat after a fat meal, this increase does not occur unless bile 
acids are present m the duodenum 

A fact established early m the histoiy 13 of the function of bile 
was the ‘‘circulation of the bile acids ” There is no evidence, howevei , 
for a circulation of the bile pigments 14 The pigments, apparently, do 
not fulfill a useful function and are true waste products Bile acids 
are rapidly absorbed from the intestinal contents and reappear m the 
bile In the dogs m which they created bile fistulas, Foster, Hoopei 

6 Adler, A , Solti, J , Hermer, J , and Schmid, E Action of Bile Acids in 
Organisms, Deutsche med Wchnschr 51 1689 (Oct 9) 1925 

7 Foster, M A , and Hooper, C W The Metabolism of Bile Acids I A 
Quantitative Method for Analysis of Bile Acids in Dog’s Bile, J Biol Chem 
38 355 (June) 1919 

8 Schmidt, C L A , and Dart, A E The Estimation of Bile Acids in Bile, 
J Biol Chem 45 415 (Feb ) 1921 

9 Schmidt, C L A , and Merrill, J A The Estimation of Bile Acids in 
Urine, J Biol Chem 58 601 (Dec ) 1923 

10 Szilard, P New Colorimetric Method for Quantitative Determination of 
Bile Acid Salts m Blood, Biochem Ztschr 173 440 (June) 1926 

11 Shattuck, H F , Katayama, I , and Killian, J A Bile Pigments and Bile 
Acids of the Blood in Jaundice, Am J M Sc 175 103 (Jan ) 1928 

12 Brule, M Recherches sur les icterus les retentions biliaries par msuffisance 
hepatique, ed 3, Paris, Masson et Cie, 1922 

13 Schiff, M Arch f d ges physiol 11 166, 1875 

14 Hooper, C W , and Whipple, G H Am J Physiol 42 264 (Jan ) 1917 
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and Whipple 15 noted that when moderate amounts of tauiocholic acid 
(about 1 8 Gm ) are given by mouth, about 90 per cent of the 
contained taurochohc acid is excreted during the first four hours, 
but when laige doses (from 8 to 11 Gm of tauiocholic acid) are admin- 
istered, the cholagogue effect is prolonged for many hours oi days 

In a pievious paper, 11 100 cases of jaundice were reported, and 
particular attention was paid to the significance of bile acids m the 
blood The object of this communication is to report fuither studies 
of bile acids in the blood and m the urine in a senes of thirty-two 
cases representing different types of jaundice 

Bernheim, 10 Shattuck, Preston and Browne 17 and Shattuck, Preston 
and Killian 18 found the icterus index of the blood seium the most 
dependable gage of the hyperbilirubinemia, consequently, in this inves- 
tigation the icterus index was utilized for estimation of the bilirubin 
of the blood serum My 19 method was employed for the bile acids 
m the urine, and for the urobilin, Elman and McMaster’s 20 method 
was adopted 


Table 1 — Normal Conti ol Cases 


Blood 

Urine 

_ 

t 

Icterus 

Index 

A 

Bile Acids, 

Mg per 100 Cc 

A 

Urobilin, 

Mg per 100 Cc 

( K % 

Bile Acids, 

Mg per 100 Cc 

A 

r \ 

Mini- Maxi- 
mum mum 

r \ 

Mini- Maxi- 
mum mum 

Mini- Maxi- 
mum mum 

Mini- Maxi- 
mum mum 


10 normal cases 

4 4 70 

50 120 

0 


0 

0 

Trace 

Average 

57 

70 


0 



0 


RESULTS 

Noimal Control Cases — In table 1 are presented ten normal control 
cases without suspected or proved injury to the liver The icterus index 
was normal, varying from 4 4 to 7 The average figure was 5 7 Van 
den Bergh’s biluubmemia test was negative in all cases except one, m 

15 Foster, M G , Hooper, C W, and Whipple, G H The Metabolism of 
Bile Acids III Administration of Stomach of Bile, Bile Acids, Taurine, and 
Cholic Acid to Show the Influence upon Bile Acid Elimination, J Biol Chem 
38 379 (June) 1919 

16 Bernheim, A R Icterus Index (A Quantitative Estimation of Bihrubin- 
emia), Aid in Diagnosis and Prognosis, J A M A 82 291 (Jan 26) 1924 

17 Shattuck, H , Browne, J C, and Preston, M Clinical Value of Some 
Recent Test for Liver Function, Am J M Sc 170 510 (Oct ) 1925 

18 Shattuck, H , Killian, J A , and Preston, M Comparison of Quantitative 
Methods for Bilirubin of Blood, J Lab & Clin Med 12 802 (May) 1927 

19 Katayama, I A Colorimetric Method for the Determination of Bile Acids 
in Urine, J Lab & Clin Med , to be published 

20 Elman, R, and McMaster, P D Urobilin Physiology and Pathology, 
Quantitative Determination of Urobilin, J Exper Med 41 503 (April) 1925 
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which the indirect reaction was weakly positive The bile acids of the 
blood serum ranged from 5 to 12 mg per hundred cubic centimeters 
estimated as sodium glycocholate, the average being 7 mg Tests for 
the excretion of urobilin m the urine were negative m all cases The tests 
for bile acids in the urine were negative, except in one case that showed 
a trace 

Cholecystitis and Cholelithiasis — In table 2 are giouped eight cases 
of cholecystitis and cholelithiasis, and in seven of these the diagnosis 
was verified by operation or autopsy Four patients (patients 1, 2, 4 
and 8) were clinically jaundiced, giving figures for the icterus index 
that were above the zone of latent jaundice These four cases showed 
evidence of biliary obstiuction In the remaining instances, the icterus 
index vaned from 7 5 to 19 4 It is significant that m all of these 
patients theie is seen a distinct increase in the concentration of bile 
acids in the blood serum without any relation to the bilirubin The 
concentration of bile acids was greater in some of these cases with 
low icterus indexes than in those with hyperbilirubinemias The output 
of urobilin in the urine vaned from traces to 2,613 mg for twenty- 
four hour periods All of these patients excieted bile acids m the 
ui me, ranging from 9 6 to 2686 mg for twenty-four hours It is 
of intei est to note that the bile acids appear in the urine when the 
concentration of bile acids in the blood serum exceeds 20 mg per 
hundred cubic centimeters There seems to be no relation between the 
output of bile acids and the excretion of uiobilm in the urine 

A A , a man, aged 49, had a history of clay colored stools for three months 
On admission to the hospital, the icterus index was 78 5 and the bile acids, 30 mg 
per hundred cubic centimeters of blood serum A month later, the patient had 
improved on medical treatment, and the icterus index fell to 21 4 and the bile 
acids of the blood decreased to 18 5 mg per hundred cubic centimeters During 
this time, the excretion of urobilin for twenty-four hour specimens ranged from 
33 to 752 mg , and the output of bile acids in the urine varied from 21 6 to 149 6 
mg for twenty-four hour periods 

Disease of the Liver — In table 3, data are presented for fout patients 
with diseases of the liver representing varying degrees of hyper- 
biluubinemia, the icterus index varying from 32 4 to 153 All of these 
patients presented abnormally high figures for bile acids ranging from 
32 to 47 8 mg per hundred cubic centimeters of serum Urobilin was 
excreted m the urine m all cases, except in case 4 (C P ), that of a 
patient with carcinoma of the liver associated with complete biliary 
obstruction The bile acids were present m the urine m all cases 
The amounts, however, were relatively small and fairly constant 

J S , a girl, aged 9 jears, was admitted to the hospital on Sept 8, 1927, com- 
plaining of chronic jaundice with enlargement of the liver and spleen of five 
months’ duration She had been treated medically without results Exploratory 
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laparotomy was done and a drainage tube inserted to the gallbladder (October 3), 
and a section of the liver was removed for microscopic study The diagnosis was 
acute toxic hepatitis Postoperative pneumonia and a marked abdominal distention 
developed The patient became progressively worse after the development of pneu- 
monia and died three days after the operation The icterus index was 75 and the 
serum bile acids, 39 mg per hundred cubic centimeters on admission The bile 
acids gradually decreased to 23 2 mg after twenty days, while the bilirubin in the 
blood remained unchanged The output of bile acids in the urme for twenty-four 
hours was 65 9 mg at first This gradually decreased to a trace after four weeks 
and just before death 

Catanhal Jaundice — Table 4 presents seven cases of catarrhal 
jaundice m which the diagnosis was made accoidmg to the criteria of 
Klemperer, Killian and Heyd 21 A hyperbilnubmemia is seen m all cases 
and an mciease in the bile acids of the blood tanging from 31 2 to 53 5 
mg per hundred cubic centimeters Howevei, the bile acids m cases 1, 3 
and 6 did not show a decrease paralleling the drop m the icterus index , 
on the contrary, a slight increase was noted in case 1 Case 5 showed 
a gradual decrease m the bile acids of the blood paralleling the diminu- 
tion of icterus index Marked fluctuations were noted m the excretion 
of urobilin In some instances (cases 2, 6 and 7), the curve showed 
peaks of large amounts and then dropped off to a scanty excretion or 
even a negative leaction within twenty-four hours, with a prompt 
subsequent use All of these patients excreted bile acids in the urme, 
and marked variations were noted They ranged from 18 4 to 264 5 mg 
foi twenty-four hours 

A O , a boy, aged 7 years, was admitted to the hospital on Dec 6, 1927, with a 
history of a sudden onset of jaundice and indigestion The icterus index was 
62 5 and the bile acids in the serum, 31 2 mg per hundred cubic centimeters , 
the output of bile acids m the twenty-four hour urme was 93 6 mg The urobilin 
test gave a negative reaction, but the following day the urobilin reached 141 mg 
for twent 3 r -four hour urme A week later, the patient had improved on a fat-free 
diet, rest in bed and magnesium sulphate therapy The icterus index decreased 
to 19 5, but the bile acids in the blood remained unchanged The output of uro- 
bilin in the urine increased to 364 for twenty-four hours The bile acids in the 
urme decreased to 32 mg for twenty-four hours 

Obsti active Jaundice — Five cases of obstructive jaundice have been 
studied and the data condensed m table 5 An mciease m the icterus 
index was seen m all cases The bile acids of the blood serum were 
abo\e normal, but this increase does not parallel the rise m icterus 
index Urobilin was absent or was excreted m minute amounts When 
the obstruction is relieved, as in case 1, urobilin reappears in the urme 

21 Klemperer, P , Killian, J A , and Heyd, C G Pathology of “Icterus 
Catarrhahs,” Arch Path 2 631 (Nov ) 1926 Heyd, C G , Killian, J A , and 
Klemperer, P Pathogenesis of Jaundice, Surg Gynec Obst 44 489 (April) 1927 
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K AT AY AM A — BILE ACIDS IN JAUNDICE 

All of these patients excreted bile acids m the urine The amounts, 
however, appear to be relatively small and variable, ranging from 42 
to 244 8 mg for twenty-four hours 

Case i _j S , a man, aged 58, with carcinoma of the head of the pancreas, 
was admitted to the hospital on Oct 9, 1927 He had had jaundice, day colored 
stools and dark urine for about two weeks and sugar m the urine since the middle 
of August On October 24, cholecystogastrostomy was done The postoperative 
recovery was good The cholemia and diabetic symptoms were relieved He was 
discharged on December 5, with temporary improvement When he was admitted 
to the hospital, the icterus index was 92 5 and the bile acids m the serum, 24 mg 
per hundred cubic centimeters , urobilin was absent and the bile acids, 214 5 mg for 
the twenty-four hour urine During the following twelve days the icterus index 
increased to 141 4, but the bile acids of the blood remained unchanged Two 
weeks after the operation, the icterus index dropped to 31 5, while the bile acids 
still remained unchanged Four weeks after the operation, the test for bile acids m 
the urine was negative 

Case 5 — E C, a woman, aged 30, had a history of jaundice of two years’ 
duration She had been operated on for cholecystectomy on March 12, 1925 
A plastic operation on the common duct for stricture was done on March 17, a 
tube being used A similar operation was performed on June 11, 1926, and again 
the patient was readmitted to the hospital on Jan 2, 1928 On January 5, she 
was operated on for removal of the tube and reinsertion of a new tube into the 
common duct She died two days after the operation On March 21, 1927, the 
icterus index was 166 and the bile acids m the serum, 34 mg per hundred cubic 
centimeters The excretion of urobilin in the urine was 480 mg for twenty-four 
hours On March 30, the phenoltetrachlorphthalem test was done, and the dye 
retention m the blood serum after fifteen minutes was 20 per cent, and after sixty 
minutes, 10 per cent The icterus index had gradually increased and reached 53 5 
before her death, but the bile acids m the blood decreased to 14 3 mg Output of the 
bile acids in the twenty-four hour urine was 178 5 mg on December 15 and 
149 5 mg on January 4 

Cardiac Disease — In table 6 are presented three cases of cardiac 
disease Of these, cases 1 and 3 showed a mild cardiac decompensa- 
tion, both cases showed an icterus index below 7 Case 2 (E B ) 
showed a double mitral valvular disease, with severe cardiac decom- 
pensation and an enlarged liver The icterus index was above 10, and 
the indirect Van den Bergh test was positive All of these patients 
presented high figures for bile acids m the serum, ranging fiom 22 to 
33 mg per hundred cubic centimeters Urobilin was found m the 
urine in all cases, and the bile acids showed a marked increase from 
63 6 to 108 5 mg for twenty- four hours 

Miscellaneous Cases — In table 7 are presented five miscellaneous 
cases Cases 1, 3 and 4 were cases of gastro-ententis In case 2 the 
patient had pernicious anemia and m case 5, typhoid fever 

Case 1 —A F gave an icterus index of 12 5, with serum bile acids of 22 2 mg 
per hundred cubic centimeters Urobilin and bile acids were both present in the 
urine Inflammation m the duodenum was definitely established 



TABLr 6 — Cciidiac Disease 
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Case 2— S B showed a normal icterus index and slightly increased bile acids 
m the serum The urine did not contain urobilin or bile acids 

Case 3 — -In W S , the icterus index was normal, while the bile acids m the 
blood serum were high, 26 5 mg per hundred cubic centimeters Urobilin was not 
present, but bile acids were found m the urine This patient had periduodenitis 

Case 4 — P C showed low normal figures for the icterus index and bile acids 
in the serum Neither urobilin nor bile acids were found m the urine 

Case 5— At the height of the fever in B W, the concentration of the bile 
acids in the blood was normal, 8 S mg per hundred cubic centimeters , the icterus 
index also was normal Two weeks latei, at the crisis, bile acids in the serum 
increased to 27 5, and the icterus index also showed a corresponding slight increase 


COMMENT 

Inci eased bile acids of the blood serum associated with urinal y 
excietion of bile acids aie seen in persons with cholecystitis, disease of 
the liver, catanhal jaundice, obstructive jaundice and caidiac decom- 
pensation It is common in patients with caidiac decompensation 
associated with a mild degiee of jaundice and enlargement of the 
livei 

The piesence of bile acids in the blood of peisons with obstiuctive 
jaundice has been accepted as a fact since the eaily experiments of 
Kuhne 22 and ITuppeit 23 Moie tecently, Rosenthal and Wislicki, 24 
Peilzweig and Ban on 25 and Snell, Greene and Rowntiee 20 obtained 
positive reactions for bile acids in the blood of patients or animals with 
obstructive jaundice Shattuck, Killian and 1 11 observed in expen- 
ments with animals that phosphorus poisoning produces both a hypei- 
biln ubmemia and an increase m the bile acids of the blood The increase 
m bile acids observed after phosphorus poisoning is appaientl} r due to 
a letention We also demonstrated that an acute hemolysis mci eases 
the bilirubin of the blood seium but does not influence the concentra- 
tion of bile acids 

Smyth and Whipple 27 reported that cholorofoim m remaikably 
small doses incapable of causing lecogmzable histologic injmy to the 

22 Kuhne, W A Study of Jaundice, Physiological Chemical Observation, 
Arch f path Anat u Physiol 14 310, 1858 

23 Huppert, H The Fate of Bile Acids in Jaundice, Arch f Heilk 
5 236, 1864 

24 Rosenthal, F, and Wishcki, L Quantitative Determination of Bile Acids 
m Blood, Arch f exper Path u Pharmakol 117 8, 1926 

25 Perlzweig, W A , and Barron, E G New Colorimetric Method for the 
Determination of Bile Acids m Blood, Proc Soc Exper Biol & Med 24 23 
(Dec) 1926 

26 Snell, A M , Greene, C H , and Rowntree, L G Diseases of the Liver 
VII Further Studies m Experimental Obstructive Jaundice, Arch Int Med 
40 471 (Oct ) 1927 

27 Smyth and Whipple (footnote 3, second reference) 
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liver or clinical reaction can effect a decrease in the concentration of 
bile acids in bile from fistulas In large doses, phosphorus also has a 
depressant effect on the output of bile acid m bile from fistulas More- 
over, Foster, Hooper and Whipple 23 observed that a functionally 
deficient liver (Eck fistula) produces less than one-half the normal 
amount of bile acids during a standard diet period These authors 
concluded that such observations present more evidence to substantiate 
the theory that the bile acids are produced by the liver and not else- 
where in the body However, it is equally logical to attribute the dimin- 
ished excretion of the bile acids m the bile to a retention by the liver 

It is of interest to note that the changes m the concentration of bile 
acids in the blood do not bear any relation to variations m bilirubin 
This is seen m tables 2, 6 and 7 Smyth and Whipple found that the 
injury to the liver produced by liver poisons sometimes depressed, and 
at other times was without influence on, the excretion of bile pigments 
Apparently, then, whatever part the liver plays in bile acid metabolism 
may m experiments and pathologic conditions be affected independently 
of its function m bile pigment metabolism Moreover, it appears possible 
that the diminished excretion of bile acids m the bile after injury to the 
liver may be due to a retention and not to a diminished formation 

Acute obstructive or catarrhal jaundice produced a rapid rise m 
the bilirubin of the blood serum and a marked increase m bile acids 
associated with urinary excretion of bile acids and bile pigments In 
chronic obstructions (table 5), however, the increase in bile acids m the 
blood is much less, reaching only from three to four times the normal 
This smaller concentration of bile acids in the blood m chronic obstruc- 
tions may be attributed to impairment of the ability of the liver to pro- 
duce bile acids after long obstructions However, there is another 
possible explanation The production of bile acids m the body is 
limited Normally, the bile acids are excreted by way of the bile into 
the intestine, reabsorbed and again circulated, thus keeping the bile acid 
m the body at a constant amount In persons with obstructive jaundice 
of long standing, however, there is a continuous excretion of bile acids 
by the kidney, which, of course, cannot be reabsorbed, thus depleting the 
stoie of bile acids in the body 

Brakefield and Schmidt 29 produced obstructive joundice m dogs by 
ligation and subsequent resection of the common bile duct They noted 
that the production of the jaundice was followed by a urinary excretion 
of bile acid and bile pigment, but the output of bile acid decreased and 

28 Foster, Hooper and Whipple (footnote 3, first reference) 

29 Brakefield, J L , and Schmidt, C L A Studies on the Synthesis and 
Elimination of Certain Bile Components in Obstructive Jaundice, J Biol Chem 
67 523 (Feb ) 1926 
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finally became small in quantity. An injection of taurocholic acids led 
to an increased excretion of this substance Moreover, it was found 
that the ability of the jaundiced dog to detoxicate benzoic acid was 
markedly diminished, and microscopic section of the livers showed exten- 
sive morphologic changes According to the observations of these 
authors, the diminished excretion of bile acids was due to an impair- 
ment of the ability of the liver to produce the bile acids J S (case 1, 
table 3) and J S (case 1, table 5) had high bile acids m the blood and 
urinary excretion of bile acids The concentration of bile acids m 
the blood decreased on subsequent examinations but did not approach 
the normal level, although the urinary excretion of bile acids gradually 
diminished and finally disappeared In E C (case 5, table 5), who 
had long standing obstructive jaundice, the concentration of bile acids m 
the blood was 34 mg per hundred cubic centimeters Ten months later, 
the amount of bile acids m the blood was still 20 8 mg per hundred cubic 
centimeters above the normal, while the output of bile acids m the 
urine was 149 5 mg for twenty-four hours These facts cannot be 
explained by the theory of Brakefield and Schmidt 

In persons with catarrhal jaundice (table 4) are seen marked varia- 
tions in the excretion of urobilin, m some instances ranging from a 
negative reaction to more than 1 Gm in twenty-four hours Wallace 
and Diamond 30 and Shattuck, Killian and 1 11 reported great variations 
in excretion of urobilin m persons with catarrhal jaundice, the curve 
showing peaks of large amount and dropping off to a scanty excretion 
or a negative reaction within twenty-four hours, with a prompt sub- 
sequent rise However, the urobilin never remains permanently absent 
from the urine in persons with catarrhal jaundice In obstructive 
jaundice (table 5), the urobilin was absent or was excreted m minute 
amounts When the obstruction is relieved, urobilin reappears m the 
urine If the excretion of urobilin in the urine is to be utilized as an 
aid m the differential diagnosis between obstructive and catarrhal 
jaundice, the determinations of urobilin m the urine must be continued 
over a period of not less than five days 

SUMMARY 

The bile acids of normal blood serum varied from 5 to 12 mg per 
hundred cubic centimeters, estimated as sodium glycocholate The 
average was 7 mg per hundred cubic centimeters 

The urine of normal subjects showed a negative reaction for bile 
acids 


30 Wallace, A B , and Diamond, J S The Significance of Urobilin in the 
Urine as a Test for Liver Function with a Description of a Simple Quantitative 
Method for Its Estimation, Arch Int Med 35*698 (June) 1925 
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Patients with cholecystitis, disease of the liver, catanhal jaundice, 
obstructive jaundice, cardiac decompensation and duodenitis showed a 
marked increase in the bile acids of the blood seium, accompanied by 
urmaiy excretion of bile acids The amount of bile acids m the mine, 
however, appears to be relatively small and extiemely variable 

The changes m the concentration of bile acids m the blood do not 
bear any relation to variation in bihiubm of the blood 

The bile acids appear in the urine when the concenti ation of bile 
acids m the blood serum exceeds 20 mg per hundied cubic centimeters 
Acute obstructive or catarihal jaundice produced a rapid use m the 
bile acids of the blood seium fiom about five to seven times the normal 
figure In chronic obstiuctions, howevei, the mciease m bile acids m 
the blood is much less, to only thiee or four times the noimal This 
smaller concenti ation of bile acids in the blood in chiomc obstructions 
may be explained thus 

The pioduction of bile acids m the body is limited Normall), they 
are excreted by way of the bile into the intestine, then they aie 
leabsorbed and again circulated, thus keeping the bile acids in the body 
at a constant amount In obstructive jaundice of long standing, how- 
evei, theie is a continuous excretion of bile acids by the kidney, which, 
of course, cannot be leabsorbed, thus depleting the stole of bile acids m 
the body 



DISTRIBUTION OF BLOOD SUGAR BETWEEN COR- 
PUSCLES AND PLASMA IN DIABETIC AND 
IN ALIMENTARY HYPERGLYCEMIA'" 

MICHAEL SOMOGYI, Ph D 

ST LOUIS 


It has been demonstiated that the genet ally accepted view of an 
equal or nearly equal distribution of sugar between coipuscles and 
plasma m human blood is erioneous 1 The evidence was based on true 
sugar values, obtained as the diffeience between apparent sugar (total 
1 eduction) and nonsugai -reducing substances 

It has long been known that nonfermentable substances constitute 
a part of the sugar values estimated by the usual 1 eduction methods, 
but — owing to reasons set forth elsewheie 2 — these substances eluded 
quantitative determination to such an extent that some investigators 
asset ted that almost half of the reduction of protein-free filtiates of 
noimal blood is due to nonfermentable constituents, while others denied 
altogether the existence of such substances A simple procedure devised 
by me, involving fei mentation by means of thoroughly washed yeast, 
permits the rapid and complete removal of fermentable sugais from 
blood and other biologic fluids, and thus the accuiate determination 
of nonfermentable reducing substances or “residual reduction ” 

Two interesting obseivations have resulted from the estimation by 
this method of the reducing nonsugars m human blood , one, the 1 emark- 
able constancy of the amount, and the other, the unequal distubution 
of these substances between corpuscles and plasma The average 
quantity of reducing nonsugai s is 40 mg per cent in corpuscles, while 
it is only 8 mg per cent in plasma Fiom this it follows that the 
ratio, corpuscie_ sugar j a convenient expression for the distribution of sugar, 

plasma sugar 

is grossly distorted by the reducing nonsugar fi actions included m the 
apparent sugar values This ratio, as expressed by former mvestigatoi s, 


cor pusel e-s ugar whereas the cor rect f 01 mulatlOn IS 


inn o 

apparent plasma sugar ’ 

true corpuscle sugar apparent corpuscle sugar — 40 

true plasma sugar apparent plasma sugar — 8 


The fallacy arising from the use of apparent sugar values is brought 
out m a previously published repoit of the observations on thirty-six 


* From the Laboratory of the Jewish Hospital of St Louis 

1 Somogyi, Michael The Distribution of Sugar in Normal Human Blood, 
J Biol Chevn 78 117, 1928 

2 Somogyi, Michael Reducing Nonsugars and True Sugar m Human Blood, 
J Biol Chem 75 33, 1927 
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specimens of normal human blood, 1 which yielded the following results 

Lowest Highest Average 

True distribution ratio 0 66 0 95 0 77 

Apparent distribution ratio 0 96 1 35 1 10 

According to the apparent sugar values 100 cc of corpuscles con- 
tain, on an average, 1 1 mg of sugar for each milligram m 100 cc of 
plasma, in confoimity with the accepted view of a nearly equal dis- 
tribution The true sugar values, however, show a much lower relative 
sugar content m the corpuscles, namely 0 77 mg for each milligram 
m an equal volume of plasma The error m the distribution ratio, 
owing to the acceptance of apparent sugai as true sugar, is 

(110 -° 7 7 - L -- = 4 3 cent 

Table 1 — Influence of the Blood Sugai Level on the Discrepancies Between the 
Apparent and True Distiibution Ratios 



True Sugar, 
Mg per 100 Cc 

A 

of 

True Ratio 
Corpuscle 
Sugar to 
Plasma 
Sugar 

Blood 

Corpuscles 

Plasma 

9 

75 

10 


17 5 

15 

20 


35 

30 

40 

0 75 

84 

72 

95 


175 

150 

200 


263 

225 

300 


350 

300 

400 


43S 

375 

500 



Apparent Ratio 



Apparent Sugar,* 
Mg per 100 Cc of 

A 


Corpuscle 
Sugar to 
Plasma 
Sugar 

Blood 

Corpuscles Plasma 

33 

47 5 

18 

2 64 

41 5 

55 

28 

196 

59 

70 

48 

146 

10S 

112 

104 

108 

199 

190 

208 

0 92 

287 

265 

308 

0 86 

374 

340 

408 

084 

462 

415 

50S 

0 82 


* Apparent blood sugar = true blood sugar + 21, apparent corpuscle sugar = true cor- 
puscle sugar + 40, apparent plasma sugar s= true plasma sugar + 8 


The discrepancy between the appaient and true ratio is variable, its 
magnitude depending mainly on the concentration of sugar in blood In 
order to illustrate this relationship a possible series of specimens of blood 
will be considered m which the true distribution ratio is uniformly 
0 75 and the corpuscle volume is 50 per cent , the reducing nonsugars 
are repiesented by the average values of 40 and 8 mg per cent in the 
corpuscles and in the plasma, respectively, while the blood sugar varies 
from extremely low to extremely high concentrations Table 1 shows 
the extent of the disguising effect of the reducing nonsugars on the 
distribution ratio at various blood sugar levels The same is shown 
graphically in chart 1, wherein the curves were constructed by plotting 
distribution ratios against blood sugar values 

It is evident that the lower the blood sugar concentration the more 
pronounced is the discrepancy between the two ratios, that is, the more 
misleading becomes the apparent ratio Especially changes m the direc- 
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lion of hypoglycemia entail a sudden rise m the apparent ratio At a 
normal fasting sugar level of 108 mg per hundred cubic centimeters 
a nearly equal distribution is found, but as the blood sugar goes 
down to 59 mg per hundred cubic centimeters, the apparent 
ratio indicates 1.46 per hundred cubic centimeters of corpuscle 
sugar for 1 mg per hundred cubic centimeters of plasma sugar, 
and at 33 mg per hundred cubic centimeter of blood sugar, the 
apparent ratio rises to 2 64, whereas the true ratio is identical at all 
of these blood sugar levels. Ultimately, as the blood sugar progressively 
diminishes, the apparent ratio approaches the maximum value of 5 1, 
a limit reached only when the true sugar becomes zero, and the entire 



Chart 1 — Ihc ratio c> pressing the distribution of blood sugar between cor- 
puscles and plasma is distorted by the reducing nonsugars (residual reduction), 
especially at lower blood sugar levels 

reduction is due to reducing nonsugars On the other hand, as the 
blood sugar rises to hyperglycemic levels, the divergence between the 
apparent and the true ratio gradually decreases, and the two values 
asymptotically approach identity. 

As can be seen, the apparent ratio simulates changes m the distribu- 
tion of the blood sugar, when actually there are none As previous 
investigators have based some interesting conclusions concerning the 
distribution of blood sugar under various conditions on apparent sugar 
values, I considered it desirable to study such questions m the light of 
true sugar values 
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John 3 and Wiechmann 4 observed a nearly equal distribution of the 
sugar between corpuscles and plasma m the blood of fasting normal 
persons, but m the blood of diabetic patients they found a higher sugar 
content m the plasma than m the corpuscles Both authors believe that 
some constituent of the diabetic plasma inhibits the permeability of the 
erythrocytes for dextrose Loewi 5 accepts this view, and claims to have 
demonstrated m the plasma of diabetic patients the existence of a hor- 
mone (glycemm) which lowers the “sugar binding or sugar fixing 
ability” of the erythrocytes 

Table 2 — Dtsti ibution of Sugar i n Blood of Diabetic Patients 


Ratio 

Corpuscle Sugar 



Apparent 

Reducing 


True 




Sugar, 

Nonsugars, 


Sugar, 

Serum Sugar 


Mg in 100 Cc of 

Mg in 100 Cc of 

Mg in 100 Cc of 

r 



, 


, «- 


f 

— * N 

For 

For 


Cor- 


Cor- 


Cor- 


Apparent 

True 

Number 

puscles 

Serum 

puscles 

Serum 

puseles Serum 

Sueur 

Sugar 

1 

231 

259 

43 

8 

188 

251 

0 90 

0 75 

2 

161 

179 

38 

8 

123 

171 

0 90 

0 70 

3 

174 

195 

44 

8 

130 

187 

090 

0 70 

4 * 

215 

231 

51 

10 

164 

221 

0 93 

0 74 

5 

148 

159 

38 

9 

110 

150 

0 93 

0 73 

6 

220 

229 

39 

8 

181 

221 

0 96 

0E2 

7 

169 

162 

43 

7 

126 

155 

104 

0 81 

8 

191 

191 

44 

13 

147 

178 

100 

0 83 

9 

20S 

225 

37 

8 

171 

217 

092 

0 79 

10 

213 

267 

44 

14 

199 

253 

0 99 

0 79 

11 

200 

227 

35 

8 

165 

219 

088 

0 75 

m 

287 

302 

42 

8 

245 

294 

0 95 

083 

13 

140 

150 

38 

8 

102 

142 

0 93 

0 72 

14 

137 

137 

38 

8 

99 

129 

100 

0 77 

15 

144 

142 

40 

8 

104 

134 

1 01 

0 77 

16 

158 

166 

37 

9 

121 

155 

0 95 

0 78 

17 1 

251 

290 

39 

8 

212 

282 

090 

0 75 

Lowest 






0 85 

0 70 

Highest 






104 

083 

Average 






0 95 

0 77 


♦ Specimen of blood withdrawn thirty minutes after the ingestion of 100 g of dextrose 
f Specimen of blood withdrawn two hours after the ingestion of 100 g of dextrose The 
other specimens were obtained before breakfast 


In a senes of experiments m which I examined the blood of seven- 
teen diabetic patients, I obtained results — given m table 2 — that fully 
beai out the view of John and of Wiechmann, as far as the apparent 
sugar values aie concerned The average apparent ratio is 0 95 as 
against 1 10 in normal blood, indicating that the relative sugar content of 
the corpuscles is 15 per cent lower m blood from diabetic patients than m 

3 John, H J Distribution of Sugar m Whole Blood, Plasma and Cor- 
puscles, Permeability of Red Corpuscles for Sugar in Diabetic and Nondiabetic 
Cases, Arch Int Med 31 555 (April) 1923 

4 Wiechmann, E Zur Frage der Permeabilitat der roten Blutkorperchen 
fur Traubenzucker unter besonderer Berucksichtigung des Diabetes, Ztschr f d 
ges exper Med 41 462, 1924 

5 Loewi, O Glvkamm und Insulin, Klin Wchnschr 6 2169, 2173, 2175, 1927 
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that fiom noimal subjects The true sugar values, however, disclose 
an aveiage distnbution latio of 0 77, the same as was found m normal 
blood 

In an endeavoi to obtain the most conclusive results possible, I chose 
for my expenments only patients with more or less severe diabetes In 
five cases, sugar tolerance tests weie performed by following the changes 
m the blood sugai level during three hours after the administration of 
100 Gm of dextrose These tests, piesented m table 3, fairly charac- 
terize the condition of these patients, at the same time, they demon- 
strate the absence of any connection between the severity of the diabetes 
and the distribution of the blood sugar In case 1, the patient, a “total” 
diabetic, had a distnbution latio of 0 75, the same as m case 17, the 
mildest of the five cases, while m case 6, with a toleiance cuive closely 
lesembhng that m case 1, the high ratio of 0 83 was found These 
weie variations not m the least different from those occuirmg in normal 


Table 3 — Sugai Toleiance Tests 



No 1 

No 4 

No 6 

No 12 

No 17 

Time After 






Ingestion of 100 g 


Mg Sugar in 100 Cc 

of Blood 


of Dextrose 

r' 


A 


~~n 

0 (fasting) 

265 

151 

240 

145 

140 

30 minutes 

385 

230 

405 

225 

233 

GO minutes 

459 

313 

440 

275 

324 

120 minutes 

484 

35G 

504 

295 

272 

180 minutes 

472 

353 

471 

247 

194 

Distribution ratio 

0 75 

0 74 

0 82 

083 

0 75 


specimens, and it is safe to conclude that diabetes melhtus does not have 
any effect on the distribution of sugar between coipuscles and plasma, 
m other words, it does not influence the ability of the corpuscles to take 
up (fix, bind) dextiose 

Caieful inspection of the experimental data of the authois just 
quoted leads one to suimise that their unawaieness as to the role of 
the reducing nonsugais is not the exclusive cause responsible for the 
conflict between their lesults and those repoited m this article Wiech- 
mann, for instance, found 13 and 15 mg per hundred cubic centimeters 
of apparent sugar m the blood coipuscles of a healthy man As the 
reducing nonsugars in corpuscles alone yield consideiably higher values 
by the method of Folin and Wu — the one employed by Wiechmann — 
such low values are obviously due to some ei roi m analytic technic 

The distribution of blood sugar m hypeiglycemic conditions of 
nondiabetic genesis has been studied by several woikers In 1912, 
Hober 6 reported that m alimentary and m epinephrine hyperglycemia 

6 Hober, R Ueber die Verteilung des Blutzuckers auf Korperchen und 
Plasma, Biochem Ztschr 45 206, 1912 
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the increment m the blood sugar goes eminently to the plasma, that is, 
the relative sugar concentration m the corpuscles is lowered Tachau, 7 
Wishart, 8 Folm and Berglund 9 and Rona and Sperling 10 found a rela- 
tively greater increase m the concentration of the plasma sugar during 
alimentary hyperglycemia Loewi 5 said that he believed he had shown 
the opposite of this, namely, a substantial and progressive increase in 
the “sugar fixing ability” (relative sugar content) of the corpuscles 
during three hours following the administration of sugar by mouth 


Table 4 — Showing that Changes til the Level of the Blood Sugai do not Affect 

the Distribution Ratio 




Apparent 

True 


Ratio 

» 



Sugar, 


Sugar, 


Corpuscle Sugar 



Mg in 


Mg in 






100 Ce 


100 Cc 


Serum Sugar 



of 


of 


, 

\ 



, * — 


« — 


Dor 

Dor 



Cor- 


Cor 


Apparent 

True 

No 

Case 

puscles Serum 

puscles Serum 

Sugar 

Sugar 

1 

Normal man, fasting 

112 

99 

76 

90 

1 13 

0 84 


30 minutes after dextrose 

181 

184 

148 

175 

100 

0 85 


180 minutes after dextrose 

77 

59 

41 

50 

131 

0 82 


210 minutes after dextrose 

83 

66 

49 

58 

126 

084 

2 

Normal man, fasting 

105 

101 

68 

94 

104 

0 72 


30 minutes after dextrose 

130 

129 

93 

122 

100 

0 77 


210 minutes after dextrose 

87 

73 

60 

66 

119 

0 76 

3 

Normal man, fasting 

111 

89 

75 

81 

125 

0 93 


30 minutes after dextrose 

178 

167 

142 

159 

107 

090 


180 minutes after dextrose 

93 

74 

57 

66 

126 

086 

4 

Normal man, fasting 

110 

103 

72 

93 

107 

0 77 


180 minutes after dextrose 

121 

110 

83 

100 

110 

0 83 

5 

Normal woman, fasting 

124 

128 

81 

120 

0 98 

0 70 


30 minutes after dextrose 

181 

205 

141 

197 

0 89 

0 72 

0 

Normal man, fasting 

108 

110 

69 

101 

0 98 

068 


60 minutes after dextrose 

150 

161 

109 

154 

0 93 

0 71 

7 

Diabetic, fasting 

140 

150 

102 

142 

0 93 

072 


ISO minutes after dextrose 

301 

358 

266 

350 

0 85 

0 76 

8 

Diabetic, fasting 

137 

137 

99 

129 

100 

0 77 


60 minutes after dextrose 

230 

265 

192 

257 

087 

0 75 


My obseivations concerning the conditions in alimentary hyper- 
glycemia, and the ensuing hypoglycemia — which is thought to be 
essentially identical with insulin hypoglycemia — aie recorded m table 4 
These experiments were carried out on six healthy and two diabetic 
subjects The formei received 120, the latter 90 Gm of dextrose by 
mouth after blood had been withdrawn during the fasting condition 

7 Tachau, H Ueber die Verteilung des Blutzuckers auf Blutkorperchen und 
Plasma, Ztschr f khn Med 79 421, 1914 

8 Wishart, M B The Permeability of Blood Corpuscles to Sugar, J Biol 
Chem 44 563, 1920 

9 Folin, O , and Berglund, H Some New Observations and Interpretations 
with Reference to Transportation, Retention and Excretion of Carbohydrates, 
J Biol Chem 51 213, 1922 

10 Rona, P , and Sperling, M Ueber die Verteilung der Glucose auf Plasma 
und Blutkorperchen, Biochem Ztschr 175 253, 1926 
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Further specimens of blood were obtained at intervals after the ingestion 
of the sugar The results require little comment The apparent sugar 
values simulate changes m the distribution of the blood sugar, which 
are m accord with the conclusions of previous workers Experiment 
one m table 4 — graphically represented m chart 2 — is an apt example 
to illustrate this When, during the absorption of dextrose, the blood 
sugar rises to a hyperglycemic level, the concentration of the plasma 
sugar seemingly increases more rapidly than that of the corpuscle sugar, 
and the apparent ratio indicates a drop of 13 per cent m the relative 
sugar content of the corpuscles Again, as the blood later recedes to a 



Chart 2 — True sugar values show no alteration in the distribution of blood 
sugar during alimentary hyperglycemia, while apparent sugar values simulate 
substantial changes 

hypoglycemic level, the plasma appears to lose of its sugar content fas- 
ter than the corpuscles, and — as expressed by the apparent ratio — the 
relative concentration of the corpuscle sugar is increased by 31 per 
cent According to the evidence of the tiue sugar values, however, the 
latio of distribution remains largely unchanged throughout the rise 
and fall of the blood sugar concenti ation in all of the cases given m 
table 4, regardless of the normal or diabetic condition 

According to Rona and Sperling, 10 during the decline of the blood 
sugar concentration subsequent to alimentary hyperglycemia, the cor- 
puscles lose sugar more rapidly than the plasma, often showing an 
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abruptly steep drop M) obseivations are contrary to this even in 
regard to apparent sugar values Rona and Sperling derived their 
conclusion from two expenments on a single human subject, and chiefly 
from observations on rabbits that were given peroially 15 Gm , in one 
case 30 Gm , of dextrose dissolved m from 50 to 100 cc of water 
Their results are so inconsistent and conflicting among themselves that 
an interpretation of then data in any direction appears to be more or 
less arbitrary 

Loewi’s work 5 concerning alimentary hyperglycemia is at a decided 
variance to the lesults of all the investigators quoted as well as to my 
own Loewi claims that the relative sugar concentration of the cor- 
puscles (sugar-fixing ability) in dogs and rabbits rises and declines m 
a remarkable parallelism with the concentration of the blood sugar 
In nondiabetic human subjects, too, the concentration of the corpuscle 
sugar rises more rapidly than that of the plasma sugar, but during the 
decline of the blood sugar level the corpuscles give up their sugar con- 
tent so much more slowly than the plasma that the relative sugar con- 
centration m the corpuscles is at a maximum three hours after the peroral 
administration of dextrose, when the concentration of the blood sugai 
had already receded to its lowest level My observations as shown in 
chart 2, are in a diagonal contrast to those of Loewi The curve of 
the apparent distribution ratio, instead of being parallel to the curve of 
the plasma sugar (which largely follows the course of the blood sugar), 
is more of a mirror image to it In a subsequent paper, dealing with 
the influence of insulin on the distribution of blood sugar, I shall revert 
to the discussion of Loewi’s observations, which he correlates with 
effects of endogenous insulin 


SUMMARY 

1 The distribution of blood sugar between corpuscles and plasma 
can be determined only fiom true sugar values The substitution of 
apparent sugar for true sugar leads to erroneous conclusions 

2 The relative sugar content of corpuscles is the same in blood of 
diabetic and nondiabetic subjects , thus, the conclusion that the sugar 
fixation by corpuscles is inhibited m the blood of diabetic patients 
(Wiechmann, Loewi) is eironeous 

3 The distribution of the sugar is unaffected by changes m the blood 
sugar level caused by alimentary factors 



THE EFFECT OF PARATHYROID EXTRACT ON 
CERTAIN FACTORS UNDERLYING THE 
PRODUCTION OF EDEMA ! 

ABRAHAM CANTAROW, MD 

AND 

BURGESS GORDON, MD 

PHILADELPHIA 

It is geneially conceded that in seveial types of edema there is some 
distui bance m the inorganic ion balance of the body This is particularly 
true of edema associated with various foims of lenal disease Whether 
this imbalance as evidenced by retention of salts, particularly sodium 
chlonde, within the tissues, plays a primary or a secondary role is a 
subject much disputed The difficulty, if not impossibility, of lepro- 
ducmg edema experimentally has delayed the solution of this problem 

Experimental studies indicate that, apart from the compaiatively 
simple form due to lymphatic obstiuction, the production of edema is 
dependent on seveial factors, the individual importance of which vanes 
m diffei ent instances The chief of these may be enumerated as 
follows (1) lnci eased capillaiy peimeability , (2) alterations m osmotic 
pressure, and (3) increased affinity of tissue colloids for water The 
exact relation of the retention of salt to these phenomena and to the 
accumulation of fluid in the tissues has been the subject of prolonged 
investigation 

Edema may be classified as inflammatory and noninflammatory and 
may be considered under these headings 

RESULTS OF PREVIOUS INVESTIGATIONS 

Undei normal conditions, the wall of the capillary acts as a senn- 
permeable membrane, allowing free diffusion of water and ceitam 
crystalloids, such as uiea, and a limited diffusion of other crystalloids 
It is impermeable to most colloids It has been demonstiated, howevei, 
that normally a vanation m peimeability exists m different oigans 
Starling 1 showed that whereas the lymph flowing from the lower 
extremities had a protein content of fiom 2 to 4 pei cent, that from the 
liver contained from 6 to 8 per cent The work of Kiogh 2 has thrown 
considerable light on this subject He has shown 3 that a definite 

From the Medical Service of Dr Thomas McCrae and the Department for 
Diseases of the Chest, Jefferson Hospital 

1 Starling, E H The Physiological Factors Involved m the Causation of 
Dropsy, Lancet 1 1267 (May 9) 1896 

2 ICrogh, A The Anatomy and Physiology of Capillaries, New Haven, 
Yale University Press, 1922 

3 ICrogh, A , and Harrop, G A Some Observations on Stasis and Edema 
J Physiol 54 125, 1920-1921 
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sequential relationship exists between stimulation, dilatation and 
increased permeability of the capillaries, and that every muscular effort 
results in dilatation of the capillaries Hence, there is a constant alter- 
ation in permeability in response to the needs of the tissue, probably 
dependent on the local accumulation of carbon dioxide, lactic acid and 
other metabolic products 

The high protein content of inflammatory exudates is an indication of 
an increase in the permeability of the walls of the capillaries Oswald 4 
stated, in evidence of this fact, that the walls of the capillaries of 
inflamed areas are permeable, not only to albumin and pseudoglobuhn, 
but also to euglobuhn and fibrinogen, the viscosity of which is relatively 
high The factor of permeability, however, although of great impor- 
tance, is not the only one involved The accumulation of products of 
the disintegration of tissue at the site of inflammation may result m 
dilatation of the capillaries and in increased permeability, as proposed by 
Krogh In addition, Schade 5 6 has demonstrated m these areas the 
development of an extremely high osmotic pressure and an increase in 
hydrogen ion concentration Either of these conditions may be responsi- 
ble for the local accumulation of fluid, the former through the operation 
of the forces of osmosis, the latter through the increase in the capacity 
for hydration of the tissue colloids accomplished by the increased acidity 
The latter factor, the significance of which was developed chiefly by 
Fischer , 0 will be considered later 

The influence of inorganic ions, particularly sodium, potassium and 
calcium, on the permeability of the membranes of the cells is well known, 
normal permeability being dependent to a considerable degree on the 
presence of a normal balance between the inorganic ions m the fluid 
which bathes the cell Calcium definitely diminishes the permeability 
of the cell In fact, Loeb 7 attributes the general inhibiting action of 
the calcium ion to this diminution in permeability Osterhout 8 believed 
that sodium and calcium combine with some constituent of the cell, and 
that the permeability varies according to the relative proportion m 
which these two combinations of the constituents of the cell are present 

4 Oswald, A Ueber den Chemismus der Entzundung, Ztschr f exper Path 
u Therap 8 226, 1910 

5 Schade, H Die Molekular-pathologie in lhren Verhaltnis zur zellular 
Pathologie und zum klimschen Krankheitzbild am Beispiel der Entzundung, 
Munchen med Wchnschr 71 1, 1924 

6 Fischer, M H Oedema and Nephritis, ed 3, New York, John Wiley & 
Sons, 1921 

7 Loeb, J The Influence of Electrolytes on the Electrification and Rate of 
Diffusion of Water through Collodion Membranes, J General Physiol 1 717, 
1918-1919 

8 Osterhout, W J V Antagonism and Permeability, Science 45 97, 1917 
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Hamburger 0 stated that the relation of calcium, sodium and potassium 
ions in a perfusing fluid is the determining factor m the production of 
edema , the calcium ions tend to make the capillaries impermeable, at the 
same time causing their constriction 

Investigation of the effect of treatment with calcium on experi- 
mentally produced inflammatory edema has yielded somewhat contra- 
dictory results Januschke 10 found that the typical inflammatory 
reaction produced by mustard oil was prevented by the previous admin- 
istration of calcium salts Rosenow 11 found that calcium and epineph- 
rine acted m a similar manner in inhibiting the formation of 
inflammatory exudates Negative results have been reported by other 
investigators, and it is probable, as suggested by Loeb , 12 that the differ- 
ence m amount and proportion of calcium employed may account for 
the variable results obtained In general, the experimental observations 
seem to indicate that calcium is much more effective in preventing the 
full development of inflammatory edema than m influencing an already 
existing process 

Calcium chloride in large doses has been used clinically in the treat- 
ment of patients with acute inflammatory conditions, particularly sero- 
fibrinous pleurisy Onam 13 and Thone 14 reported good results, with 
subsidence of the fever and resorption of the effusion According to 
Blum 10 and others, calcium chloride diminishes the sodium of the blood 
and prevents it from migrating from the blood into the inflammatory 
area As the current of water follows sodium, the accumulation of fluid 
ordinarily accompanying the inflammatory process is inhibited How- 
ever, it would appear probable that whatever effect calcium has on this 
type of edema, it is exerted largely through its influence on the perme- 
ability of the cell 

NONINFLAMMATORY EDEMA 

When one turns to the consideration of noninflammatory edema, as 
typified by that accompanying cardiac and renal disease, an apparently 
different problem is encountered The fact that the fluid of edema m 

9 Hamburger, R J Ueber die bedeutung der Kalium und Calciumionen 
fur das kunsthche Oedem und fur die Gefassweite, Biochem Ztschr 129 153, 1922 

10 Januschke, H Ueber Entzundungshemmung, Wein, klin Wchnschr 
24 869, 1913 

11 Rosenow, G Der Emfluss parenteraler Calcium zufuhr auf die Durch- 
lassigkeit der Gefasswand, Ztschr f d ges exper Med 4*427, 1916 

12 Loeb, L Edema, Medicine 2 190, 1923 

13 Onam, F Calcium Chloride m Treatment of Effusions, Clm med ital 
56*475 (Dec) 1925 

14 Thone Calcium Chloride m Exudative Pleurisy, Arch med beiges 78:1 
(Jan) 1925 

15 Blum, L, Aubel, E, and Hausknecht, R Action diuretique des sels de 
calcium mechamsme de cette action, Compt rend Soc de biol 85 950, 1921 
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these conditions is relatively low m protein indicates that increased 
permeability of the capillaries probably plays a relatively minor part in 
its causation However, there is considerable evidence to suggest that 
this factor is involved to some degiee The work of Morawitz and 
Denecke 10 suggests that m glomerular nephutis, typhoid, scarlet fever, 
purpura and acute endocarditis there is a state of increased permeability 
of the capillaries They assumed this to be due to toxic injury of the 
vessels However, in cardiac edema they found the peimeability to be 
normal Recently, Skelton 17 found that following hemorrhage various 
tissues give up water to the blood stream, m proportion to the normal 
variation m the permeability of the capillaries, this was demonstrated 
in different organs by Starling , 1 thus, the liver lost the greatest amount 
of water per unit of mass, the skm and intestines a lesser amount and 
the muscles the least amount 

Cohnheim 18 believed that in nephritis the vascular injury with 
resultant increase m permeability is secondary to retention of toxic 
substances in the blood stream, but Senator 19 considered that the vascu- 
lar and renal injury are due to the same cause Wells 20 said that it is 
probably better to consider the toxic effect as applying to all cells rather 
than merely to capillaries Apparently, the edema cannot be explained 
by the mere diminution of the functional area of the kidney in nephritis, 
for neither bilateral nephrectomy nor ureteral occlusion necessarily 
results in accumulation of fluid within the tissues Neither can cardiac 
edema be satisfactory demonstrated as being due entirely to mciease 
m venous pressure dependent on myocardial failure The great bulk 
of accumulated evidence seems to indicate that the mechanism of osmosis 
and alteied affinity of the tissue colloids for water are the factors 
chiefly concerned m these types of edema 

The impoitance of the retention of salt in the causation of edema 
was emphasized particularly by Widal 21 Although many investigators 
believe this retention to be the primal y factor, others consider it sec- 
ondary to the accumulation of fluid m the tissues Fischei G held that 
the pnmary factor is an increase m the acidity of the tissue, which 
causes an increased affinity of the tissue colloids for water, with resulting 

16 Morawitz, R , and Denecke, G Ueber Quellungs-vorgange m subcutanen 
Gewebe, Biochem, Ztschr 127 47, 1922 

17 Skelton, Harold The Storage of Water by Various Tissues of the Body, 
Arch Int Med 40 140 (Aug ) 1927 

18 Cohnheim, J , and Lichtheim, L Ueber Hydramie und hydramisches 
Oedem, Virchows Arch f path Anat 69 106, 1877 

19 Senator, H Ueber die Wassersucht bie Nierenkrankheiten, Klin Wchn- 
schr 33 165, 1895 

20 Wells, H G Chemical Pathology, ed 5, Philadelphia, W B Saunders 
Company, 1925, p 387 

21 Widal, F La cure de dechlorination, Bull et mem Soc d hop de Paris 
20 773, 1903 
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retention of salts, particularly sodium chloride He stated that the 
proportion of water present m any cell or fluid containing colloids is 
determined by the character of the colloids, the reaction of the solution 
and the nature of its electrolyte content The fact that the retention of 
salt often occurs in fevers without edema would suggest that some addi- 
tional condition is necessary The work of Cohnheim and Lichtheim , 18 
and of Muller 22 and many others indicates that increased permeability 
of the capillaries may be an essential factor 

Considerable light has been thrown on certain phases of this problem 
by McClure and Aldrich 2o They found that a small amount of physio- 
logic solution of sodium chloride injected mtradermally is entirely taken 
up by normal tissues m from sixty to eighty minutes In tissues which 
are the site of edema or m which a tendency to edema is present, as m 
nephritis and cardiac disease, the injected fluid disappears more rapidly 
This fact is interpreted as indicating an increase m the affinity of the 
tissues for water, supporting Fischer’s contention that variations m the 
capacity of hydration of tissue colloids play a major role m the produc- 
tion of cardiac and renal edema 

The exact mechanism of the action of the various cations in this 
connection is not clearly understood However, certain facts have been 
critically demonstrated In many cases of edema, particularly those 
occurring m association with nephritis, there is retention of sodium 
within the tissues Whether this retention is primary or secondary to 
the accumulation of fluid is an open question However, there cannot 
be any doubt that it is an essential factor, for m a large proportion of 
such cases restriction of the intake of sodium is followed by increased 
elimination of this element chiefly by the kidneys, a greatly increased 
fluid output and a diminution m the edema 

Naturally, as a result of the known antagonistic actions of sodium 
and calcium in the body, the effect of the latter on the process of edema 
has been studied extensively In general, it has been found, although 
some contradictory results are reported, that the administration of cal- 
cium salts m large doses produces an effect on edema comparable to 
that obtained by the restriction of the intake of sodium 

Maase and Zondek 24 reported extremely favorable results from the 
use of calcium therapy in the peculiar condition known as war 
edema, probably a nutritional disorder Hulse 25 gave calcium salts 

22 Muller, F Morbus brightu, Verhandl d deutsch path Gesellsch 9 64 
1905 

23 Aldrich, C A, and McClure, W E Intradermal Salt Solution Test 
J A M A 82 1425 (May 3) 1924 

24 Maase, C, and Zondek, H Das Kriegsoedem, Klin Wchnschr 54*861 
1917 

25 Hulse, W TJeber den Einfluss der Kalksalze auf Hydrops und Nephritis 

Centralbl f mnere Med 41.441, 1920 * 
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orall} m large doses to patients with nephritis and noted a marked 
reduction m the edema Many similar results have been leported with 
various explanations for the mode of action of calcium m this type of 
edema It does not seem possible that the effect here can be attributed 
to the decrease m the permeability of the cell, which is probably of 
major importance m the control of inflammatory edema The work of 
Skelton 17 is of great interest in this connection He found, as stated 
previously, that after hemorrhage the tissues gave up fluid to the blood 
stream in relative proportion to the permeability of the capillaries m the 
respective oigans as demonstrated by Starling, namely, the greatest 
relative loss occurred m the liver and the least m the skin and muscles 
On the other hand, following the intravenous injection of a 2 4 per cent 
solution of calcium chloride, water was abstracted from all tissues, but 
the greatest loss occurred in the skin, wheie the permeability of the 
capillaries is relatively low This fact, in the light of the observation by 
Schade 2G that the subcutaneous tissues possess an especial predilection 
for sodium chloride, seems to have a particular bearing on the problem 
of the therapeutic action of calcium in noninflammatory edema 

Fischer 6 stated that the edema which may follow the administration 
of sodium chloride or sodium bicarbonate is due to the replacement of 
calcium and magnesium in the tissues by sodium, for sodium proteins 
have a much greater affinity for water than calcium proteins Frey 27 
believed that the increased elimination of the fluid of edema by the 
kidneys may be explained by the fact that calcium is eliminated chiefly 
through the intestines, while the anion is excreted through the kidneys 
and draws with it the sodium ion Whatever the true explanation may 
be, it is evident that the mutual physiologic antagonism of the sodium 
and the calcium ion has an impoitant bearing on the problem of edema 

PRESENT INVESTIGATION 

The present study was undertaken for the purpose of observing the 
effect of an increase in available circulating calcium on (1) the develop- 
ment of inflammatory edema and (2) the affinity of the tissue colloids 
for water 

METHODS 

The increase m calcium was accomplished by the intramuscular administration 
of parathyroid extract 23 In our previous studies, it was noted that from 15 to 20 


26 Schade, H Untersuchungen zur Organfunktion des Bindegewebes, das 
Quellungsvermagen des Bindegewebes in der Mannifaltigkeit seiner Erschemungen, 
Ztschr f exper Path u Therap 14 1, 1913 

27 Frey, W Die Einwirkung von Brom auf die Ausscheidung von Wasser 
und Kochsalz durch die Nieren, Verhandl d deutsch Gesellsch 33 409, 1921 

28 The preparation used was Para-thor-mone supplied by Eli Lilly and Com- 
pany through the courtesy of Dr J H Warvel 
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units of the hormone were usually sufficient to increase the amount of circulating 
calcium m the blood, the maximum effect being manifested in from eight to twelve 
hours after administration 19 Determinations of serum calcium were made by the 
Clark-Colhp modification of the method of Kramer and Tisdall 30 Determinations 
of plasma calcium were made by the same method, powdered heparm being used 
as an anticoagulant 

The inflammatory reaction was produced by the blister method, used by 
Petersen 31 for the study of the permeability of the capillaries, with slight deviations 
from his suggested technic A cantharides plaster, 1 cm square (U S P X ), was 
placed on the skin of the volar aspect of the forearm just below the elbow, at 
dam, and was removed four hours later The interval of time between the 
removal of the plaster and the first suggestion of the formation of a blister was 
designated the blister time (B T ) When sufficient serum had accumulated, it 
was withdrawn, and at the same time blood was taken from the vein The protein 
content of the blister serum and blood serum was determined by the refractometric 
method, and the Reiss tables were used for the calculations, the exudate scale for 
the fluid of the blister and the serum scale for the blood serum The ratio of 
blister serum protein to blood serum protein is termed, by Petersen, the permeability 
ratio (P R ) 

Estimations for blood calcium were made as stated, in several instances One 
series of observations for control was made as outlined At 6 p m of the same 
day, 20 units of parathyroid extract were injected intramuscularly, the same 
amount was administered at midnight, and the routine procedure and observations 
of the preceding day were repeated, the opposite forearm being used By this 
procedure, the normal inflammatory reaction is compared with that occurring at 
the height of the effect of calcium m the blood and presumably in the tissues 

The affinity of the tissue colloids for water was determined by the test of 
McClure and Aldrich 23 Two tenths of a cubic centimeter of physiologic solution 
of sodium chloride was injected mtracutaneously at 8 a m on the volar aspect of 
the forearm, just below the elbow The time of disappearance of the wheal was 
noted Twenty units of parathyroid extract were then administered at 6 p m and 
again at midnight, and the test was repeated at 8 a m and at noon of the 
succeeding day 

TYPES OF CASES 

The observations of the mflammatoiy reaction were made on patients 
with chronic pulmonary tuberculosis, of varying extent and activity 
As Petersen 32 has found abnormal degrees of the permeability of the 

29 Gordon, B L , and Cantarow, Abraham The Use of Parathyroid Extract 
in Hemorrhage, J A M A 88 1301 (April 23) 1927 Cantarow, Abraham, 
Caven, W R , and Gordon, B L Changes in the Chemical and Physical Charac- 
teristics of the Blood Following the Administration of Parathyroid Hormone, 
Arch Int Med 38 509 (Oct ) 1926 Cantarow, Abraham , Dodek, S M , and 
Gordon, B L Calcium Studies m Jaundice, Arch Int Med 40 129 (Aug ) 1927 

30 Clark, E P , and Collip, J B A Study of the Tisdall Method for the 
Determination of Blood Calcium with a Suggested Modification, J Biol Chem 
63-461 (March) 1925 

31 Petersen, W F , and Willis, D A Capillary Permeability and the Inflam- 
matory Index of the Skin in the Normal Person as Determined by the Blister 
Arch Int Med 5 663 (Nov) 1926 

32 Petersen, W F The Permeability of the Skin Capillaries in Various 
Clinical Conditions, Arch Int Med 1 27 (Jan ) 1927 
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capillaries in such patients, our observations obviously cannot be com- 
pared with those made on normal persons However, the results 
obtained m the same peison on successive days at the same hour and 
under the same conditions should be fairly compaiable, the interval of 
time being too brief for any appreciable change in the clinical condition 
The patients on whom the mtracutaneous test with a physiologic 
solution of sodium chloride was performed were suffering from cardiac 
or renal disease, some with and some without demonstrable edema 


Table 1 — Results of Blister Test in Thirty Patients with Pulmonary Tuberculosis 


Group 1 (Far Advanced Tuberculosis) 



Blister 

Blister 

Serum 

Permeability 

Serum 

Plasma 

Case 

Time * 

Protein f 

Protein t 

Ratio 

Calcium } 

Calcium t 


1§ 

2# 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

3 40 

5 20 

614 

6 65 

729 

8 32 

S2S 

79 9 

93 

10 4 

91 

10 6 

2 

3 25 

4 10 

633 

616 

866 

824 

73 2 

74 6 

10 3 

10 5 



3 

3 10 

5 20 

5 03 

5 22 

7 45 

8 04 

75 5 

64 9 

97 

112 



4 

2 30 

7 00 

5 76 

6 21 

7 47 

8 05 

77 1 

77 1 

94 

95 

93 

99 

5 

2 30 

3 20 

4 50 

3 40 

460 

5 20 

97 S 

65 3 

10 6 

10 4 



6 

3 30 

3 75 

5 04 

6 39 

660 

7 47 

76 3 

85 5 

97 

99 



7 

4 30 

3 25 

6 22 

6 61 

7 21 

7 52 

86 2 

87 8 

10 2 

113 

99 

11 5 

8 

3 15 

3 15 

6 56 

5 73 

663 

6 54 

98 9 

87 6 

94 

98 

91 

10 2 

9 

2 30 

2 30 

7 56 

6 96 

8 87 

894 

85 3 

77 8 

96 

10 4 



10 

2 25 

5 20 

5 92 

6 33 

8 06 

812 

73 5 

77 9 

95 

10 3 

92 

10 2 

11 

2 35 

3 55 

5 45 

627 

7 56 

8 34 

72 0 

751 

10 6 

10 6 



12 

7 30 

5 45 

5 43 

699 

856 

868 

63 4 

80 6 

10 8 

11 2 



13 

4 15 

5 25 

6 67 

6 01 

9 25 

8 78 

721 

685 

11 0 

112 



14 

5 20 

6 30 

5 62 

5 27 

732 

717 

76 7 

73 5 

91 

10 0 



15 

3 15 

4 20 

639 

5 78 

814 

7 79 

78 2 

74 1 

93 

98 

94 

10 3 

16 

2 10 

4 35 

7 14 

5 37 

8 31 

7 45 

85 9 

72 0 

99 

10 3 

96 

10 4 

17 

4 30 

2 30 

592 

5 98 

7 94 

7 95 

74 6 

75 2 

10 3 

10 8 

101 

10 7 

Average 3 35 

4 35 

031 

5 96 

764 

7 79 

79 8 

76 3 

99 

110 

94 

10 4 




Group II (Moderately Advanced Tuberculosis) 




IS 

2 25 

2 30 

8 54 

8 03 

10 79 

956 

79 2 

831 

10 4 

10 9 

10 0 

10 8 

19 

4 35 

2 30 

6 9S 

6 29 

8 45 

7 74 

90 8 

813 

10 8 

11 2 



20 

3 10 

2 55 

5 52 

5 54 

7 27 

7 09 

75 9 

78 2 

11 1 

11 4 



21 

3 30 

4 35 

6 40 

617 

9 09 

7 76 

661 

79 5 

97 

99 



22 

4 15 

5 55 

5 90 

6 76 

8 34 

8 30 

70 7 

815 

10 2 

110 

10 0 

11 0 

Average 3 35 

3 40 

6 67 

6 56 

8 91 

8 11 

76 5 

807 

10 4 

10 8 

10 0 

10 9 





Group III (Inactive Tuberculosis) 





23 

3 20 

2 30 

5 82 

5 8S 

8 24 

812 

70 6 

72 3 

94 

10 2 



24 

3 30 

8 30 

7 18 

7 05 

9 99 

8 03 

71 9 

87 7 

99 

97 



25 

3 15 

3 25 

699 

5 75 

10 07 

9 39 

69 4 

612 

10 3 

10 5 

101 

10 7 

26 

6 50 

8 55 

5 43 

612 

7 46 

7 51 

72 7 

81 5 

91 

10 3 

88 

10 5 

27 

2 45 

3 25 

5 15 

544 

8 33 

9 31 

61 8 

58 4 

10 6 

10 9 


23 

3 20 

4 35 

538 

6 33 

8 82 

734 

60 9 

862 

10 2 

11 1 

10 0 

11 2 

29 

2 30 

2 30 

6 59 

7 37 

SSs 

8 22 

81 6 

89 6 

19 8 

10 4 

98 

10 6 

30 

3 55 

3 10 

717 

7 18 

9 27 

8 7S 

773 

81 7 

10 5 

112 

Average 3 40 

4 35 

6 20 

6 39 

S8S 

8 34 

70 7 

77 3 

99 

10 5 

97 

10 7 


* Blister time expressed in hours and minutes 
t Protein t ilues expressed in Grams per hundred cubic centimeters 
1 Calcium values expressed in milligrams per hundred cubic centimeters 
§ Before administration of parathyroid extract 
P After administration of parathyroid extract 


RESULTS OBTAINED 

Blister Test — The patients were divided into three groups according to the 
extent and activity of the pulmonary lesions, since Petersen found that variations 
in the permeability of the capillaries were dependent on the degree and type of 
the tuberculous process The detailed results are presented in table 1 

Bhsta Time— In the group of seventeen patients with far advanced active 
pulmonary tuberculosis, the blister time varied from two hours and ten minutes 
to se\en hours and thirty minutes, the average being three hours and thirty-five 
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minutes After the administration of parathyroid extract, the variation of time 
was from two hours and thirty minutes to seven hours, with an average of four 
hours and thirty-five minutes In twelve patients, the blister time was prolonged , 
in two it remained constant, and m three it was diminished 

In the group of five patients with moderately advanced lesions, the time of 
appearance of the blister ranged from two hours and twenty-five minutes to four 
hours and thirty-five minutes, the average being three hours and thirty-five minutes 
After the administration of parathyroid extract, the time varied between two hours 
and thirty minutes and five hours and fifty-five minutes, with an average of three 
hours and forty minutes In three instances, the blister time was prolonged, and 
in two it was lessened 

In the eight patients with slight, inactive lesions, the blister time varied from 
two hours and thirty minutes to six hours and fifty minutes, averaging three hours 
and forty minutes, after the injection of parathyroid extract, the time ranged 
between two hours and thirty minutes and eight hours and fifty-five minutes, 
averaging four hours and thirty-five minutes In five patients, the time was 
increased, m one it remained unchanged, and in two it was decreased 

Blister Pioteins — In group 1, there was one patient (case 5) with a marked 
secondary anemia and edema, and an extremely low serum protein content, in this 
case, the concentration of blister protein was 45 per cent before and 3 4 per cent 
after the administration of parathyroid extract 

If this case is excluded, concentration of blister protein m this group ranged 
between 5 04 and 7 56 per cent, the average being 6 31 per cent, after the injection 
of parathyroid extract, it varied from 5 22 to 6 99 per cent, and averaged 5 96 
per cent The concentration of protein was increased in eight cases and decreased 
m nine 

In group 2, the concentration of blister protein varied between 5 52 and 8 54 
per cent averaging 667 per cent, after the administration of parathyroid extract, 
the variation was from 617 to 8 03 per cent, with an average of 6 56 per cent 
The concentration was increased in two cases and decreased in three cases 

In group 3, the blister protein content varied from 5 15 to 7 18 per cent and 
averaged 6 2 per cent, after the administration of parathyroid extract, the varia- 
tion was from 5 44 to 7 37 per cent, with an average of 6 39 per cent The con- 
centration was increased in six cases and decreased in two cases 

Semin Protein — If case 5 in group 1 is excluded, the variation in the concen- 
tration of blood serum protein was between 6 6 and 9 25 per cent, the average 
being 7 64 per cent , after the administration of parathyroid extract, the con- 
centration varied from 6 54 to 8 94 per cent and averaged 7 79 per cent It was 
increased in eleven cases and diminished in six 

In group 2, the concentration ranged from 7 27 to 10 79 per cent, and averaged 
8 91 per cent , after the administration of parathyroid extract it varied from 7 09 
to 9 66 per cent, with an average of 811 per cent The concentration was 
decreased m all five patients 

In group 3, the serum protein content ranged from 7 46 to 10 07 per cent, the 
average being 8 88 per cent, after the administration of parathyroid extract, 
the variation was between 7 34 and 9 39 per cent, averaging 8 34 per cent An 
increased concentration occurred in three cases and a decrease in five cases 

Pameabihty Ratio — The ratio of the concentration of blister protein to that 
of serum protein in group 1 varied from 63 4 to 97 8 per cent, the average being 
79 8 per cent , after the administration of parathyroid extract, it varied from 
64 9 to 87 8 per cent, averaging 76 3 per cent It was increased in eight instances, 
stationary m one, and decreased in eight 
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In group 2, the permeability ratio ranged from 66 1 to 90 8 per cent, averaging 
76 5 per cent, after the administration of parathyroid extract, it varied from 7 82 
to 83 1 per cent with an average of 80 7 per cent It was increased m four cases 
and decreased in one case 

In group 3, the variation was between 60 9 and 81 6 per cent, and averaging 
7 07 per cent, after the administration of parathyroid extract it ranged from 584 
to 89 6 per cent, the average being 77 3 per cent The ratio was increased in six 
patients and decreased m two 

Serum and Plasma Calcium — The observations for calcium revealed nothing 
of unusual interest, except that the concentration of plasma calcium, which was 
slightly lower than that of serum calcium in most patients, after the administration 
of parathyroid extract was usually higher The values for serum calcium were 
not appreciably increased in all cases, but, as shown by Hunter and Aub, M an 
increased availability and excretion of calcium may occur without a rise in blood 
calcium following the administration of parathyroid extract 

DISCUSSION OF RESULTS OF BLISTER TEST 

If the time of appearance of the blister is an indication of the reaction 
of the tissues to irritation, it may be considered that in twenty of the 
thirty cases the rapidity of response to irritation was decreased after the 
administration of parathyroid extract , in three it was unchanged, and m 
seven it was increased This would seem to support the conclusion 
that calcium tends to exert an inhibitory action on the production of 
inflammatory edema 

If, on the other hand, it is assumed that the permeability ratio, 
which is more or less directly dependent on the concentration of blister 
protein, is an index of the permeability of the capillaries, and, indirectly, 
of the inflammatory reaction, the results obtained are contradictory 
The concentration of blister protein was increased m sixteen patients of 
this series and was decreased m fourteen, apparently indicating that the 
permeability of the capillaries in more than half of the cases was 
increased dui mg the period of the increase in available tissue calcium 
However, it is possible that the concentration of protein in the blister 
fluid may be dependent on factors other than the permeability to protein 
of the walls of the capillaries Chief among these, perhaps, is then 
permeability to water and to crystalloids 

It is not unlikely that the concentration of blister protein depends 
on two variable factors the amount of protein and the amount of water 
If the former remains constant and the latter is diminished, the result 
will be an increased concentration of protein Likewise, if both are 
diminished, but the water content is decreased relatively more than the 
protein, the same lesult will be obtained A reduction m the amount 
of water m the blister may lesult from a diminution m the permeability 

33 Hunter, D , and Aub, J C Lead Studies 15 The Effect of Parathyroid 
Hormone upon the Excretion of Lead and of Calcium in Patients Suffering from 
Lead Poisoning, Quart J Med 20 136 (Jan ) 1927 
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of the wall of the capillaiy to water or to crystalloids, the lattei factoi 
operating tlnough the foices of osmosis Furthermoie, the inhibition 
of the inflammatory leaction by the excess of calcium may cause a 
diminution in the products of tissue dismtegiation accompanying the 
piocess; as a result of the subsequent lelative 1 eduction in osmotic 
piessure, less fluid will tiansude, although the amount of protein may 
be affected slightly 

It seems in these studies that the peimcability ratio and the concen- 
tration of bhstei piotem may not be true indexes of the permeability of 
the capillaries Theie is one obseivation, however, which, though not 
of a definitely quantitative nature, may be considered significant It was 
noted that after the administration of parathyroid extract, although the 
blister time may not have been prolonged 01 the concentration of protein 
decreased, the accumulation of fluid in the blister took place less lapidly 
than in the control test. In several instances, particularly m group 3, 
several houis elapsed after the fiist appeal ance of the mflammatoiy 
reaction befoie sufficient fluid had accumulated for determination of 
the protein content This would seem to suppoit the opinion that the 
mci eased concentration of protein is not due to an increase in the 
permeability of the capillanes but rather to a decreased transudation of 
water It is not unlikely that the permeability to proteins is also dimin- 
ished, but to a lesser degiee, in the patients who show an increased 
concentration of blister protein after the administration of paiathyioid 
extract When the response m diffeient persons is compared, the possi- 
bility of certain variable factors, such as the distribution of the capil- 
lanes circulation and the texture of the skin, should be recognized 
This is true also of various transient physiologic and chemical changes 
which may occur m the same peison The data, theiefoie, should be 
considered critically 

INTRADERMAL TEST WITH PIIYSIOr OGIC SOLUTION 
OF SODIUM CHLORIDE 

Observations were made on twenty patients, as desenbed before, 
suffering with cardiac or renal disease The observations are detailed 
m table 2 

In eighteen patients, the level of the serum calcium ranged fiom 
9 1 to 10 2 mg per hundred cubic centimeters, and the plasma calcium 
fiom 8 8 to 9 9 mg per hundred cubic centimeters In cases 10 and 
15 the patients had far advanced cardioienal disease with general 
anasarca, the seium calcium values being 8 4 and 8 5 mg pei hundred 
cubic centimetei s, and the plasma calcium values, 7 9 and 8 3 mg per 
hundred cubic centimeters, lespectivcly In every instance the level of 
the blood calcium was laised following the administration of parathyroid 
extract 
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The duration of the wheal corresponded fairly closely to the degree 
of edema present The time varied from twenty-five (case 15) to 
eighty minutes In seven cases, the injected fluid disappeared m less 
than sixty minutes, the low limit of normal, and m these patients there 
v as definitely palpable edema In three cases in which the disappearance 
time was sixty'' minutes, there was slight edema of the ankles 

In every instance, twelve hours after the second administration of 
parathyroid extract, there was a piolongation of the disappearance time 
of the injected fluid, varying from five to forty minutes and averaging 
twenty-four and one-half minutes The results were particularly strik- 
ing in that m all but one case the duration of the wheal was well above 

Table 2 — Results of Inti acutaneous Test with Physiologic Solution of Sodium 
Chloude befoie, and Eight and Twelve Hows aftci the Administration of 
Parathyi oid Extract in Twenty Patients with Cai diovascular Renal Disease 


Control Eight Hours Tu elve Hours 

A K . A _ __ 

\ r \ f i 

Calcium* Calcium* Calcium* 

» Mm . * . Mm- , * . 




Min- 

f 

-A ^ 

Mm 

r 

-a x Min- 

r 

> 

Case Edema 

utes 

Serum 

Plasma 

utes 

Serum 

Plasma utes 

Serum 

Plasm 

1 

None 

65 

10 2 

98 

80 


85 



2 

Slight, ankles 

GO 

98 

95 

65 


85 



3 

Slight 

55 

92 

89 

65 


80 



4 

None 

70 

97 

93 

70 


85 



5 

None 

75 

91 

88 

90 

11 1 

10 8 110 

10 3 

10 6 

G 

Ankles 

GO 

10 2 

99 

75 

12 

12 2 65 

11 

10 8 

7 

None 

70 

10 

95 

80 

12 2 

11 9 100 

111 

114 

S 

None 

Go 

93 

91 

SO 

12 

12 1 80 

10 

10 2 

9 

None 

80 

101 

99 

85 

12 3 

12 5 105 

112 

115 

10 

Legs, face, ascites 

43 

84 

79 



70 

101 

10 4 

11 

None 

75 

9 C 

92 



95 



12 

Ankles, legs 

55 

97 

93 



80 



13 

Slight, ankles 

60 

94 

88 



80 



14 

Legs ascites 

50 





85 



15 

General anasarca 

25 

85 

83 



40 

92 

9 

1G 

None 

G5 





90 



17 

Ankles 

55 





85 



IS 

Legs 

50 





SO 



19 

None 

60 





100 



20 

None 

70 





105 




* Calcium values are expressed in milligrams per hundred cubic centimeters 


the normal low limit, and m eleven it was above the high limit In the 
single case in which the time remained below normal (case 15), it was 
increased from twenty-five to forty minutes This patient was the only 
one of the series with demonstrable edema of the arms, the test being 
performed, therefore, m definitely edematous tissues 

In nine patients, the test was also performed eight hours following 
the injection of parathyroid extract (table 2) The disappearance time 
was found to be increased m all but one (case 4), the prolongation in 
the other eight cases varying from five to fifteen minutes and averaging 
eleven minutes Determinations made eight and twelve hours after the 
administration of parathyroid extract showed that the serum and plasma 
calcium were higher at the end of eight hours than after twelve hours 
In every case but two (cases 6 and 8), the disappearance time was 
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distinctly longer after twelve horns than after eight hours This selves 
to support the hypothesis stated previously, that the pioduction of a 
calcium effect is dependent not entirely on an elevation of total circu- 
lating calcium, but on an mciease in the availability of calcium This 
may be expiessed as an mciease m the ratio of the diffusible 01 the 
ionized fractions to the total calcium 

In this gioup of patients, the edema was of the noninflammatory 
type It would appear that as a lesult of the increase m available 
calcium following the admmistiation of paiathyioid extract, the capacity 
of hydration of the tissue colloids was diminished 

Some time after this woik had been completed, McCann 34 repoited 
tlnee cases of nephutis with edema m which he had used parathyioid 
extract m therapeutic dosage Maiked and prolonged diuresis occuried 
in each case, with diminution in the edema and mci eased uimary excie- 
tion of sodium chlonde These observations seem to coincide with the 
lesults of the mtiadermal test with physiologic solution of sodium 
chloride, mentioned pieviously 

CONCLUSIONS 

It appeals that if the blistei test is to be used to study the peime- 
ability of the walls of the capillaries, perhaps moie reliance should be 
placed on the blister time and the rate of accumulation of fluid in the 
blistei than on the concentration of protein m the blister fluid or the 
peuneability latio 

Utilizing the blister test as a means of studying mflammatoiy edema, 
it would appear that an increase in available circulating calcium effected 
by the administration of paiathyioid extract exerts a slight but rathei 
constant and definite inhibitory effect on the inflammatory process 
This effect may be due to a decrease in the peuneability of the capillaries 
or to a 1 datively decreased osmotic pressuie in the irritated tissues 
If the action is chiefly one of diminished peuneability, the passage of 
water through the walls of the capillaries is inhibited m many cases to a 
gi eater degiee than is the passage of proteins It is possible that the 
result is due to a combined effect on osmosis and permeability 

The observations of the mtradermal test with physiologic solution of 
sodium chloride suggest that calcium deci eases the affinity of the tissue 
colloids for water The exact mode of action is not entirely clear It 
is not unlikely that the calcium leplaces the sodium which has accumu- 
lated m the tissues, the i eduction in edema being due to the fact, as 
mentioned by Fischer , 0 that calcium protein compounds have a lowei 
capacity for hydration than have sodium piotem compounds 

34 McCann, W S Diuietic Action of Parathyroid Extract-Collip in Certain 
Edematous Patients, J A M A 90 249 (Jan 28) 1928 
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SUMMARY 

1 The principal factor underlying the production of inflammatory 
edema is probably increased permeability of the walls of the capillaries 
It appears that the administration of calcium exerts an inhibitory influ- 
ence in this type of edema perhaps as the result of the diminution m 
the permeability of the capillaries 

2 The chief factor underlying the development of noninflammatory 
edema is probably an increased capacity of the tissue colloids for 
hydration Retention of sodium is an important factor, but whether 
primary or secondary, is uncertain 

3 Inflammatory edema was studied by the blister method, the obser- 
vations being repeated at the height of the effect of calcium produced 
by the intramuscular administration of parathyroid extract 

4 The increase of calcium seemed to have a slight but definite 
inhibitory effect on inflammatory edema 

5 The affinity of the tissue colloids for water was studied by the 
mtradermal injection of physiologic solution of sodium chloride, the 
test of McClure and Aldrich, in a group of twenty patients 
with cardiac or renal disease, some with and some without edema The 
test, repeated after the administration of parathyroid extract, indicated 
a marked decrease in the capacity of the tissues for hydration, which 
accompanied the increase in available circulating calcium 
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Sindromi NEURO-iFonsARiE By G di Guglielmo Price, 50 Lire Pp 311 
Milano S A Instituto editoriale scientifico, 1928 

In the introduction the author recalls the history of our conceptions concerning 
the relationship of the pituitary gland to the hypothalamus since Marie’s description 
of acromegaly, noting the emphasis on the hypophysis, following Froehlich, the 
reaction led by Camus and Roussy, and finally the conception of Perde that there 
is a symbiotic collaboration of neurohypophysis and hypothalamus It should be 
noted from the outset that the author, although professing to treat of syndromes 
due to lesions of the pars posterior hypothalamus, inserts also many conditions 
due purely to lesions of the anterior lobe, such as the malady of Simmonds 

The first chapter is concerned with anatomy The description of the hypo- 
thalamus follows Ramirez- Cor ria (reference not given), le Grand and Kary The 
author seems not to be familiar with the fundamental work of Spiegel and Zweig 
and of Greving, not to mention the work of Malone in this country His descrip- 
tion of the hypophysis occupies only half a page The chapter closes with an 
account of the tractus supraoptico-hypophysios 

The second chapter dealing with the physiology and physiopathology is more 
adequate and gives a fairly complete summary of experimental work on the 
relationship of pars posterior and hypothalamus to such functions as regulation 
of the metabolism of salt, water, carbohydrates, and fat, growth, sexual activity, 
sleep and heat production He concludes that anatomic connections and functional 
correlations exist between the hypothalamus and pars nervosa in such manner 
that they constitute a unitary system, each one influencing the other, the pars 
nervosa exercising its influence by its secretion and the hypothalamus by nervous 
impulses Disturbances due to lesions of this system he proposes to call neuro- 
hypophysial syndromes 

In the etiology of these syndromes, tumors occupy a prominent place and the 
author lists adenomas, sarcomas, gliomas, fibromas, keratomas, carcinomas and 
hypophyseal duct tumors In this list he follows the older pathologists, since 
carcinomas, fibromas and gliomas are rare and sarcomas are never found m the 
hypophysis Other causes listed are hemorrhage, thrombosis, embolism, cysts, 
trauma and foreign bodies 

The author essays a classification of neurohypophysial syndromes as follows 

1 Syndromes due to altered metabolism of fat 

a Defect syndromes (malady of Simmonds) 
b Excess syndrome (obesity, adiposogenital dystrophy) 
c Mixed syndromes (progressive lipodystrophy) 

2 Syndromes due to altered water-salt metabolism 

a Defect syndromes (oliguria) 
b Excess syndromes (polyuria, diabetes insipidus) 

3 Syndromes due to altered growth 

a Defect syndromes (nanism, infantilism) 
b Excess syndromes (gigantism, acromegaly, pubertas praecox) 

4 Syndromes due to altered carbohydrate metabolism 

a Diabetes melhtus (atypical forms) 

This classification is misleading, for obesity and adiposogenital dystrophy are 
deficiency syndromes, and the opposite of the malady of Simmonds is to be sought 
in acromegaly, just as gigantism is the opposite of infantilism Most writers would 
consider the obesity to be the opposite of diabetes melhtus Moreover, the malady 
of Simmonds, nanism, gigantism and acromegaly do not pertain to the neuro- 
hypophysis-hypothalamic system but rather to the pars anterior 
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The author points out that the diagnosis of these syndromes is aided con- 
siderably by ocular defects and radiography He is opposed to surgical treat- 
ment, more favorably inclined toward cautious radiotherapy and believes in the 
efficacy of extracts of the anterior lobe which have been shown experimentally 
to be totally inactive 

The second part of the monograph deals with the deficient syndromes of his 
classification, each being considered separately with clinical examples He begins 
with Simmond’s disease, which he defines as a morbid entity characterized clinically 
by denutrition, adynamia, apathy, somnolence, precocious senility, falling of hair 
and teeth, dryness of skin, amenorrhea, atrophy of internal and external genitalia, 
low blood pressure, eosmophiha and microsplanclima , and anatomically by atrophy 
of the anterior lobe of the hypophysis from various causes, with probably participa- 
tion of certain diencephalic centers The history, symptoms, course, diagnosis, 
pathologic anatomy, etiology, pathogenesis, prognosis and therapy are discussed 
The constant efficacy of the anterior lobe m the treatment is emphasized, which 
is interesting when one considers that such preparations are totally inactive in 
experimental animals A clinical case is given with a complicated syndrome 
including diabetes insipidus The patient was a prostitute, aged 29, syphilitic, 
who seems to ha\ e improved remarkably following the administration of pituglandol 

Adiposogenital dystrophy is treated in the same way with three cases as illustra- 
tions the first a tumor of the hypophysis, the second too briefly recorded to allow 
of a diagnosis and the third probably a tumor of Rathke’s pouch All are clinical 
cases without verification at necropsy or operation 

In the section dealing with progressive lipodystrophy the author has great 
difficulty in bringing the neurohypophysial system into its etiology This section 
is also illustrated by a clinical case 

The discussion of diabetes insipidus is more adequate, as the author is here on 
firmer ground He seems on the whole inclined to accept the conclusions of 
Zadek that destruction of the hypothalamus is responsible for the reduction in 
power of the tissues to fix water, while the pars intermedia and peduncle of the 
hypophysis are responsible for hypochloremic diabetes insipidus He does not 
make any attempt to reconcile these conclusions with the fact that experimental 
removal of the pars intermedia and pars nervosa does not result in polyuria 
Seven cases of diabetes insipidus are discussed Necropsies were obtained in 
two of them, in the second of these the patient had also a marked glycosuria 
In the first case, examination of the hypophysis showed the presence of atypical 
cells m the anterior lobe, of basophil cells m the posterior lobe and of an unusual 
amount of colloid in the neurohypophysis Nothing is said of the hypothalamus 
In the second case, examination of the hypophysis showed a considerable area of 
the anterior lobe to be transformed into connective tissue and thickening of the 
capsule The pancreas is said to have been normal Again nothing is said of an 
examination of the hypothalamus 

The monograph closes with a chapter on syndromes of altered somatic develop- 
ment, although the author states that these cases are not due to lesions of the 
neurohypophysial system A clinical case of macrogenitosomia praecox is given 
without evidence of involvement of the hypophysial region After discussing the 
different classifications proposed for these developmental disorders three cases of 
hypophysial dysgenopathy are discussed, two with necropsy In the first case 
there is no clinical history The necropsy disclosed a congenitally defective heart 
In the report of the necropsy is the bare statement that the “infantilism was very 
manifest” In the anterior lobe of the hypophysis a large cyst was found, and 
there was marked hyperemia of the remaining glandular tissue The second 
observation concerns a man, aged 19, with endocarditis causing mitral, tricuspid 
and aortic insufficiency In infancy he had had a febrile disorder which resulted 
m a deformity of the right foot He was underdeveloped Examination of the 
hypophysis revealed a large cyst between the anterior and the posterior lobes 

The monograph as a whole adds nothing to our knowledge of the patho- 
physiology of either the hypophysis or the hypothalamus 
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Blood and Urine Chemistry By R B H Gradwohl and Ida E Gradwohl 
St Louis C V Mosby Company, 1928 

The first twenty chapters of this volume consist of a clear, concise and thorough 
description of the methods ordinarily used in the chemical analysis of blood and 
urine with special emphasis laid on colorimetric procedures It is to be regretted 
that mention is not made of the technic of estimations of sodium or potassium m 
the blood or of total bases, of blood hemoglobin, blood sulphates and fractional 
determination of plasma proteins The only method testing chlorides in the 
plasma is the Volhard- Arnold method, and none of the recent pa methods are 
even mentioned Throughout the book there are lengthy quotations from articles 
in the literature, giving the appearance of an exhaustive review but, unfortunately, 
they are not always up-to-date, although in some places they are For example, 
m the discussion of the dextrose threshold and dextrose tolerance test, mention 
is not made of the vast amount of careful work in Faber’s clinic, and in the 
chapter on nephritis there is nothing quoted more recent than 1917 or 1918, 
except m the discussion of the toxemias of pregnancy 

The arrangement is sometimes puzzling For example, the “whole subject of 
blood calcium and a long review of the chemical changes in the blood in intestinal 
obstruction are given in the chapter on nephritis, whereas nephrosis is briefly 
mentioned The chapters in which gout and renal glycosuria are discussed are 
much better 

The last part of the book consists of a review of basal metabolism most of 
which is quoted partly from McLeod’s book on physiology and biochemistry in 
modern medicine, Boothby and Sandeford’s laboratory manual on basal metabolism 
and the booklet of description of technic which comes with the Benedict-Roth 
apparatus 

The book is well printed and excellently illustrated It is to be hoped that the 
second edition will be a little more even in its subject matter and up-to-dateness 

Operative Surgery By J Shelton Horsley Third edition Price, $15 
St Louis C V Mosby Company, 1928 

Since the last edition in 1924, much material has been added to this book, one 
of the standard works on operative surgery, so that it now embraces nearly 900 
pages It is well illustrated with drawings, mostly original, and is beautifully 
printed and bound 

The new material deals especially with the heart and lungs, as well as with 
several new intracranial operations, and makes up an admirable summary of the 
advances in surgery during the past few years 

While matters of diagnosis and nonsurgical aspects of disease are of course 
excluded, the work contains summaries of many of the newer contributions to the 
basic sciences underlying our surgery, such as the work of Gye, Barnard, and 
Bell on carcinoma, and a great deal of modern experimental surgery is sum- 
marized in the proper places when it has bearing on clinical problems 

The text is clear, and by frequent reference to the illustrations a good idea 
may be gained of the technic of each particular operation The choice of material 
has been on the whole wisely made, the commoner operations receiving the most 
attention Bone surgery is perhaps somewhat slighted in view of the increasing 
specialism of this sort of work and the many volumes by other authors devoted to it 
I would say that the only criticism to make is the undue amount of space of 
nearly 100 pages given to the discussion of blood vessel surgery, including trans- 
fusions of blood In the latter field especially, many of the statements regarding 
the advantages of the various methods might well be argued Certainly, Crile’s 
method of direct vascular anastomosis is rarely carried out today 

On the whole, the reviewer feels convinced that this work is the most valuable 
treatise on the subject today 
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Pharmacotherapeutics, Materia Medica and Drug Action By S Solis- 

Cohen and T S Githens Price, $15 Pp 2009 New York D Appleton 

& Company, 1928 

This work is a noteworthy addition to the available texts on therapeutics 
and pharmacology, being the most comprehensive and complete work on drug 
therapeutics in the English language The authors present pharmacologic justifica- 
tion for the use of the drugs used in modern therapeutics Pharmacology is well 
covered, and in many respects this text may even be considered as a textbook 
of pharmacology, though it is written from the clinical standpoint using pharma- 
cology as a basis for therapeutic uses In some respects, the authors are con- 
servative, whereas in others they are apparently overoptimistic m that some of 
their conclusions are drawn from evidences which could scarcely be considered as 
adequate 

The book is exceedingly valuable and can be read with profit by both the 
clinician and the laboratory man To the research man the book is both valuable 
and disappointing since authors’ names are generously cited, but literary references 
are not given 

The Treatment of Diabetes Mellitus By Elliott P Joslin Fourth 

edition Price, $9 Pp 998 Philadelphia Lea & Febiger, 1928 

In 1916, the first edition of Joshn’s “Diabetes” appeared m a large volume 
of 440 pages The new fourth edition, arriving just twelve years later, contains 
998 pages Such are the complications of modern medicine that one student work- 
ing intensively at one disease can produce such an encyclopedic volume The 
work represents the characteristic Joslin trait of painstaking study of his own 
work and of careful inquiry into the work of others, all with one end m view — 
improvement in the treatment of the diabetic patient The reviewer finds it 
difficult to attempt a detailed comment, the book contains so much that one can 
open it at random and receive almost at a glance an impetus to review his own 
cases of diabetes This volume is so full of information on so many aspects of 
the disease other than treatment that it is today the outstanding practical treatise 
on diabetes mellitus 

Lobar Pneumonia By L R Sante Price, $3 New York Paul B Hoeber, 

1928 

Sante’s brief monograph records his experience in the x-ray examination of 
patients with lobar pneumonia at the St Louis City Hospitals and elsewhere in 
St Louis 

A reader not conversant with the technical difficulties of irradiation of patients 
with pneumonia and the bewildering clinical problem of differential diagnosis of 
x-ray films of the chest in pneumonia would find in this book little to suggest 
such difficulties 

Few clinical workers will deny the immense value of the roentgen ray in 
establishing an essentially normal condition of the lung when disease is feared 
or in outlining roughly the anatomic distribution of lesions when lesions exist, 
however, the time has not yet arrived when unsupported x-ray evidence will always 
answer the question, “Is it consolidation or is it fluid?” 
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